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Abstract
Polarization is not a new phenomenon. However, in some
applications polarization can be a contributing factor to
colorimetric mis-match between samples When investigating
polarization effects, most work has centered on the application
of circular polarization on absorption spectroscopy in organic
molecules. However, little if any colorimetric research on
plastic materials has been done. Given the fact that linear
polarization is a naturally occurring phenomenon, the dichroic
effect is further highlighted in some end-user applications.
The current research defines a technique for characterizing the
linear-polarization-induced dichroic effect in a transmitting
plastics application. Included in the work is the description of
a polar-spectrophotometer capable of defined illumination and
collection polarization states. Sample measurements and data
analysis techniques are also discussed.
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A) Introduction and Literature Review
Polarization is not a new phenomenon. A part of basic
optics and radiometric textbooks, the topic of
polarization has had extensive treatment by theoreticians
for years.1-7 However, even with all the work done to
describe and understand polarization, relatively little
practical applications of polarization have been
published. When dealing with polarization and it's
relation to instrumentation, most work highlights the
problems that instrumental polarization can cause with
accuracy or repeatability
8~13 or defining and
investigating the polarization of an instrument designed
for another purpose.14"21 The issues of naturally
occurring polarization and dichroic characteristics of
colored materials have not been extensively or directly
addressed in the literature. The majority of work
relating to analytic or colorimetric quantities involved
evaluation of errors induced by spectrophotometric
optical systems and measurement
techniques.14-17 The
principal reason for this was to account for differences
between measurement systems of different optical design
or construction. If absolute comparisons between
instruments were based on measurement of a polarization
sensitive material, the polarization characteristics of
the two optical systems had to be understood or perhaps
corrected before direct comparisons could be made.
Additionally, if an optical system was partially
polarized, the position of sample relative to the light
beam could influence the measurement. Such errors can
contribute to measurement uncertainty and lack of
repeatability .
B) Introduction to Polarization
Light has been shown by interference patterns and
diffraction to suggest it is a wave phenomenon.6 When
considering the mathematical treatment of electromagnetic
waves, the field in which the waves travel can be
oriented in several directions, depending on the
conditions of either the source that produced them, or
the medium in which they travel. If the waves travel in
random directions, that is in all possible planes of
travel, then the light is considered natural, or
unpolarized. However, when the waves travel in a pattern
or in an organized orientation of planes, then the light
is said to be polarized.3
In general, polarization is classified in two different
categories, linear and circular. Linearly polarized
light consists of light that is traveling in a preferred
plane, for example verticle or horizontal. In the case
of circular polarization, the light is traveling in a
plane that rotates in a circularly repeating pattern.





TTFigure l - Linear Polarization Diagram
C) Polarization and interaction with certain materials,
dichroism.
Materials that exhibit selective absorption or
transmission based on the polarization state of incident
light are considered
dichroic.2 The extent to which
dichroic materials allow light to pass through depends on
several things. The molecular characteristics of the
chemical chains that make up the material, the
orientation of these chains in a macro scale, and how
these macro structures are oriented relative to incident
light polarization will all play a part in the dichroic
characteristics. In general, highly dichroic materials
contain long groups or chains of crystalline structures
organized parallel to one another in a larger, repeating
pattern with a notable example being tourmaline.3 At the
molecular level, if the crystalline chains are highly
organized with multiple chains in a parallel structure,
incident light will not interact or otherwise be modified
by the material if the transversing wave can "squeeze"
through along a plane parallel to the chains. On the
other hand, in the non-polarized condition, there is an
equal probability that for each wave passing between the
chains, another wave will not and will interact with the
material. The dichroic effect is most easily seen by
rotating a dichroic material in a circular direction with
linearly polarized light normally incident on it. As the
material rotates, the spectral transmittance of the
material will change. If non-polarized incident light
is used, the transmittance will be constant regardless of
the position of the sample.
A practical example of this can be illustrated using
organic pigments suspended in transparent plastic. If
chemically the pigment particles are comprised of
repeating chains of polymers similar in geometry to
toothpicks, this material could be suceptable to
polarization. In addition, two other things must occur.
First there must be polarized or partially polarized
light incident on the material. Second, something during
the manufacturing process must orient these small
molecules into chains that are large relative to the
wavelength of the incident light. Without such
artificially induced orientation, the molecules would
simply be randomly distributed.
D) Polarization and it's Implications
If a material is dichroic and is illuminated by light
with variable polarization states, several things must
be recognized if this material is being used in a
commercial application. The extent of changing visual
appearance, which will appear to an untrained observer as
a material that changes color, should be understood to
determine if the shifts are within acceptable customer
tolerances. Orientation (relative to the molecular
chains) of the material should be kept as consistent as
possible to minimize the perceived chroma shifts. This
is because dichroic chroma shifts will be dependent on
the orientation of the material. If two of the same
material are placed next to each other, but in different
orientations, the samples may appear to differ
chromatically when illuminated by polarized light. If
the material was mounted in the same orientation, then
the chroma shifts would be consistent (between panels) in
direction and magnitude. The shift would not be as
noticeable due to the lack of a visual non-dichroic
reference point. When defining absolute colorimetric
values or samples that represent production standards,
the measurement technique and sample presentation should
be rigidly specified to remove the dichroic effect as a
source of test variability. Additionally, the
manufacturer of instrumentation used to measure the
material must be identified, instrumental polarization
characteristics understood and determined to be constant
over time. If measurements from different sites or
companies are being compared, the two instruments should
employ the same illumination optics so as to provide the
same degree of polarization. Ideally, the instruments
should provide both depolarized illumination and
polarization insensitive light detection. If the
detection system is polarization sensitive, extensive
polarization-specific calibration can be used to correct
any measurements.
E) Emphasis of the Thesis Research
The research emphasis centered on two areas. The first
was the design and building of a polar-spectrophotometer
capable of polarized transmittance measurements. The
second was the derivation of parameters to characterize
and quantify the dichroism effect seen in a transparent
plastic application. The procedures were designed and
tested using a system of organic pigments suspended in a
transparent plastic laminated between two pieces of
glass, similar to commercial safety glass.
The measurement system was designed as building blocks
combined according to functionality. The system consisted
of a light source section, polarization and sample
presentation section, and radiometer sensor device. The
various components were interfaced to an IBM compatible
computer system for automated measurement and system
calibration. Software written to control the system was
written in C, FORTRAN, and Basic, computer languages.
Once constructed, the system was tested for typical
instrument characteristics, including stray light,
linearity, source and detector warmup time, and
wavelength calibration. Colorimetric measurements and
parameters were all based on the CIELAB color system
using the D65 illuminant and 10 degree observer.23
Chapter II) Polar-Spectrophotometer Design
A) Instrumental Capabilities
A block diagram of the polar spectrophotometer is found
in Figure 2. The polar-spectrophotometer design allowed
for the following:
1) Illumination of the sample with light of
a defined linear polarization state;
2) Illumination of the sample with completely
depolarized light and collection of light of a
specific polarization state;
3) Ability to calibrate the detection system with
light of a specific polarization state;
4) Automated sample characterization using motorized
polarizer mounts and user-defined rotation
increments ;
5) Ability to change component positions easily, in a
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Figure 3 - Polar-Spectrophotometer Optical Diagram
B) Optical Table and Layout
All components were mounted on an Ealing 4000 Series
Optical Table with 1/4-20 holes in the base plate.
Optical components were mounted to the plate via six inch
stainless rods in moveable holders mounted on an optical
rail. The components were mounted along a central
optical axis parallel to the base plate of the table at
approximately 5-8 inches above the table. An optical
diagram of the system can be found in Figure 3.
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C) Light Source Section
The light source section was designed around a customized
400-HI source from LabSphere Inc. A diagram of the
source can be found in Figure 4. The source includes an
6 inch integrating sphere with a Spectralon coating.
Unpolarized light exits the sphere via a one inch exit
port on one side. The quartz tungsten-halogen bulb
serving as the light source was shielded from the exit
port by coated light baffles. Additional light stops
were crafted using aluminum plates and placed around and
on top of the sphere assembly to reduce the stray light
leaving the sphere area. The 400-HI integrating sphere
system was modified by the manufacturer to allow for the
use of two 150 watt light sources instead of the standard
single source. The additional heat generated by the
second source required a cooling fan be included by the
manufacturer at the top of the sphere to draw hot gases
via negative pressure through the sphere exit port. A
Hewlett Packard 6274A power supply drove the source at
19.8 volts at a constant 6 amps. During the course of
the research, it was decided that only one source was
needed for transmittance measurements, since there was
ample signal for the radiometer. However, for
applications with extremely low transmittance,
reflectance applications, or for situations in which
extensive filtration reduced the light available to the
11
detector, the second source would be required. It could
easily be driven by the same power supply, although the
source warmup characteristics would change due to the
increased thermal load from the second light source.
Immediately after the source enclosure, a total of two
two inch square filter holders were mounted to allow for
color correction or neutral density filters. These
filters were necessary to attenuate the overall light
energy reaching the detector since the full power of the
source would cause the detection circuitry and analog to
digital converters to overload. This method is preferred
over reducing the current to the light source. The
quartz bulb in the light source was rated specifically
for 6 amps at 19.8 volts. Any reduction would change the
correlated color temperature of the lamp and decrease the
life and stability of the bulb. Additional information
concerning the color correction of the source can be









Not* SaMr* an* Baffl **,'
coattd with Sp.ctralon Iron Lmbsph.r.
Fan Assembly
' with Integrating Sphere
Baffle Assembly Attached
Light Source #1 Port
Sphere Exit Port 1' Dla.
Figure 4 - Light Source Diagram
1) Source / Detector Combined Stability Concerns
During initial system testing and upon examination of
the spectral power distribution of the light source,
the resulting detector stability was acceptable over
most of the visible spectrum from 450nm to 700nm.
However it was relatively poor in the 400nm to 450nm
region. This was not surprising due to the lack of
dynamic range of the radiometer combined with the high
energy produced by the light source in the long
wavelength portion of the visible spectrum. Depending
on the amount of energy reaching the detection system,
the radiometer will integrate the light collection to
keep the maximum analog signal within a certain range.
This is done to avoid saturation of the analog to
digital converters. The array in the radiometer is a
single piece of silicon, allowing only one integration
13
time for all elements on the array. The energy in the
long wavelengths of the visible spectrum was much
higher than that in the ultra violet and blue end of
the spectrum, so system selected a short integration
time to avoid detector saturation. However, this
same integration time was insufficient to collect
enough signal in the 400nm - 450nm range to eliminate
the electrical noise associated with the silicon's
blue response and detection circuitry. In order to
increase the integration time and improve stability
below 450nm, it would be necessary to attenuate the
infra red contributions from the source. This would
allow longer integration times before detector
saturation occurred. In general, light balancing
filters are used to more equally balance the energy
across the visible spectrum. The spectral power
distribution of the light source can be found in
Figure 5, along with the energy distribution of the
source with two different Hoya light balancing
filters. However, even with this filtration, the
radiometer still selected an integration time that was
too short for the 450nm and below instability to be
eliminated. To complicate the situation, when the
linear polarizer was added to the configuration less
than 15% of the light below 450nm was transmitted,




400 420 440 460 480 500 520 540 560 580 600 620 640 660 680 700
Wavelength
FtltratUa 1yp
No FUtntioa -*- Hoy* LB-IS Filter -*- Hot* LB-US Filter
Du Norlld to Uofllter*4 S9mm
Figure 5 - Light Source Spectral Power Distribution
rest of the visible spectrum. The transmittance of
the polarizing filter can be seen in Figure 6.
In order to correct this situation, three alternatives
were considered. The first was to attempt to find a
combination of filters to more evenly distribute the
source energy across the spectrum. The disadvantage
to this was that as more filtration was added, the
overall light reaching the detector would decrease
even though it would be more balanced. This could
have lead to instability over a greater region of the
spectrum. While the second source could have been
used to increase overall throughput, it would have
potentially increased stray light as well. Even with
the second source, the additional filtration tried was
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Figure 6 - Linear Polarizer Transmittance Curve
Oriel # 27300
without more a more complicated filter design,
probably requiring three or more filters. The second
option was to change from a quartz tungsten halogen
source to a source with a more balanced output, such
as a Xenon arc source. The power distribution of
Xenon is far more uniform by comparison. The
configuration of the source and sphere cavities
dictated that a Xenon source would have required a
separate sphere housing with focusing optics to direct
the Xenon light into the integrating sphere.
Additional source cooling and stray light precautions
16
would have been necessary using this approach. A
Xenon source can also be more sensitive to the
temperature conditions surrounding it compared to the
tungsten-halogen source. The most critical drawback
with the Xenon source is it's short term stability.
Xenon, while providing a balanced output, is much less
temporally stable. The fact that the light comes from
an arcing inside the bulb leads to variability in the
position of the arc's image, as well as absolute
energy produced. Previous research
25 utilized a Xenon
source which included a source feedback circuit that
was required to compensate for the source instability -
Inclusion of a Xenon source would have required a
complete re-design of the source section to include an
additional detector. It would also have required re
characterization of the source warmup characteristics
and environmental requirements for the source housing
area.
The last approach was to accept the instability as is
and do nothing. Further investigation into the
dichroic effect showed that the region between 400nm
and 450nm did not provide additional insight during
the characterization. This was because the major
pigment used in this work only showed dichroism
between 500nm and 700nm. Ignoring the 400nm to 450nm
17
information would not influence the dichroic
characterizations. The inherent danger in this
approach is that if a pigment was found that showed
dichroic tendencies below 450nm, it could not be
reliably characterized. Given the advantage that the
lack of data from 400nm to 450nm would not cause
practical problems with the specific sample set used
in the work, along with disadvantages and incremental
cost of the first two alternatives, especially the
short term repeatability of a Xenon source and the
requirement for a reference feedback circuit, the
third option was used, that was to do nothing.
D) Polarizer / Sample Illumination Section
An Oriel stepper motor system #20010 with polarizing
mount #13049 was used to provide linearly polarized
light, via a #27300 linear polarizer. A typical
transmittance plot of the polarizer is shown in Figure 6.
The motorized rotators were interfaced to the PC via an
RS-232C link. The polarizers were mounted on the optical
table in such a way as to allow repositioning before or
after the sample holder depending on the type of
measurement required. The sample holder, outlined in
Figure 7, held a four inch square glass laminate up to
3/8" thick, using thumbscrews to hold the laminate in
place. It was constructed from aluminum and painted flat
18
black. This holder was mounted along the system's
optical axis such that the center of the laminate was
being measured. The sample remained in the same position
during the characterization.
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Figure 7 - Sample Holder Design for Glass Samples
E) Detector Section
The detection system was based on a Photo Research PR-
703A/PC Spectrascan Spectroradiometer . It was
interfaced to a PC via an interface board and accessed
using software drivers provided by the manufacturer. An
optical diagram of the detection system is found in
Figure 8. The radiometer included focusing optics, a
rectangular target and viewing optics to allow the user
19
to focus the system on the exact point being measured.
The objective lens of the system was focused on the exit
port of the light source enclosure. This point was
chosen because it was easiest to focus on with the aid of
a translucent target the size of a common business card.
Focusing on the back wall of the integrating sphere or at
an intermediate point in space would have been difficult
given the lack of a reference point. The exit port of
the sphere enclosure thus served as the entrance port to
the detector. The data acquision technique via an MD-DOS
file structure has been described previously-25 The
detector allowed the use of pre-set integration times or
"adaptive integration" in which the detector system
adjusts the integration time to produce the best signal
to noise ratio while still avoiding detector saturation.
As previously described, a single integration time is
determined using the maximum energy falling on one
discreet detector element of the array, regardless of
what that array element is. The adaptive integration
technique was used for all measurements. The system also
measured electrical dark noise during each measurement by
using an internal optical shutter that blocks the
detector. These measurements were used to correct each
















TTFigure 8 - PR703 Optical Diagram
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F) Source Warmup Analysis
No specific guidelines were given by the manufacturer as
to source warmup time, although the principal reason for
the cooling fan was to reduce this time. In order to
determine a suitable time, the detector system was warmed
up based on previous research 25 which suggested two
hours minimum. The warmup analysis consisted of repeat
measurements of the light source taken at 30 second
intervals over a three hour period. The measurements
were made using only neutral density filtration in the
light path. This filtration was used because the
detector saturated without them. A 40% transmitting
filter was used. A single run was made first, and
immediately afterward measurement were taken every 30
seconds with the data stored on disk. After running for
two hours, the first scan was compared to the subsequent
scans and CIELAB AL*, Aa*, and Ab* were computed and
plotted. The analysis was run twice, first with the
light source cooling fan running, and again with it not
running, allowing a 12 hour cooling off period for the
light source between tests. At no time was the detector
shut down. Running two tests allowed for an analysis of
the fan's impact on source stability and warmup time.
Figures 9 and 10 show the color differences compared to
the first measurement of each respective analysis. A
review of the data shows that after a period of
22
approximately 10 minutes, the colorimetric differences
stabilized. The L* parameter changed the most during
source warmup, as was expected. The a* and b*
differences were far less variable. In order to provide
a safety margin, the warmup time was assumed to be 20
minutes, or twice the warmup time suggested by the
analysis. It is important to note, however, that if the
environmental conditions surrounding the system are
changed to a great extent ( +/- 2 degrees C from 22
degrees or relative humidity change of +/-20% from a
nominal 45% is a suggestion from the detector
manufacturer24) the warmup characteristics may change and
require re-characterization. The time will be more
dependent on temperature than humidity. The warmup
certainly will change if the second light source is used,
with an expected increase in warmup time to account for
the increased thermal load. These measurements clearly
showed that even with only one light source the fan
should be used at all times to reduce warmup time and
improve stability since without it the warmup time
increased and the stability decreased.
G) Detector Warmup Analysis
The previous research
25 also suggested detector warmup
times of at least two hours. A series of measurements
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Figure 9 - Light Source Warmup - Fan Running
in a different building with older environmental
controls. The source was allowed to warmup for the 20
minutes suggested by the source warmup analysis prior to
the detector test. The same test parameters used for the
source warmup analysis were used for the detector system,
except that the radiometer was shutoff for a period of 12
hours before the test. This was done by removing power
from the PC. The PC interface board supplied power to
the radiometer thermo-electric cooling circuitry whenever
power was applied to the interface board via the PC bus.






-r-AL* Aa* -s-ab* aE*
D65 / 10 Degree
Figure 10 - Light Source Warmup without Fan Running
Measurements were taken every 3 0 seconds over a period of
four hours. A plot similar to that done for the source
analysis is found in Figure 11. The data for the
detector analysis was drastically different than that for
the source. The thermo-electric cooling circuitry is
designed to cycle on and off to maintain an internally
set temperature on the detector array. The higher the
deviation from pre-set temperature, the harder the
cooling circuitry works to bring the system back under
control. Additionally, thermal changes over short
periods cause more drastic responses by the circuitry
than the same thermal shifts over longer periods. The
25
analysis reflected this cycling. During the first 40
minutes, a cyclic deviation can be seen in all plotted
parameters. This cycle is repeated, although not as
drastically, from 60 to 90 minutes. After 90 minutes,
the system stabilized with no noticeable changes in
detector output. The humps suggest that during the first
cycle, the system is responding to initial warming of the
detector array followed by thermo-electric cooling.
However, it appears that this initial cooling does not
remove all the heat from the system, and another cycle
begins. Finally, as the detector reaches thermal
equilibrium, the system stabilizes and the thermo
electric cooling system makes smaller corrections.
To provide a safety margin, the detector warmup was set to
two hours confirming the previous
analysis.25 This allowed
for an extra 30 minutes after stabilization for the system
to "settle". However, if the system is stored away in a
temperature environment very much different from the
operational temperature (greater than +/- 5 degrees C) ,
the system should be allowed to reach equilibrium with the
operational environment. Additionally, if the
environmental conditions in the laboratory are changing
(such as in the morning when heating systems are started up
after a nighttime shutdown) then startup should be delayed
until the room conditions stabilize.
26
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Figure 11 - Detector Drift with Source Fan Running
H) Stray Light Analysis
Overall stray light in the Polar-Spectrophotometer could
be classified as 3 different types: externally
introduced, raonochromator , or radiometer. The externally
introduced stray light would be that which enters the
system from the optical table and surrounding areas, for
example due to incomplete baffling of the light source or
sample presentation areas. Monochromator stray light is
the light that is erroneously passed from the
monochromator due to unwanted scattering off the
dispersing element. In general, there are light baffles
or other precautions taken in a monochromator ' s design to
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reduce stray light. The radiometer stray light is the
stray light generated by the optical components in the
radiometer and associated focusing optics. This type of
stray light is generally taken as a whole as the
radiometer is considered a complete unit.
The system was tested for externally introduced stray
light by blocking the illumination beam at several points
in the optical system. The data from each of these scans
was compared to evaluate differences in signal. If one or
more of the points registered more energy, than stray
light would be suspected to enter the system between that
point and the one before in the optical system.
Similarly, if the data was the same from all points,
including blocking the detector itself, then the
assumption can be made that no externally introduced stray
light exists.
The radiometer includes a paddle to block the light
entering the system as part of each measurement, so the
radiometer stray light is accounted for in each
measurement. No special precautions to control the
monochromator stray light were taken as the radiometer
design made this impractical. The design of the
radiometer should allow the monochromator stray light to
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be accounted for with the dark paddle to some extent,
again because the radiometer is treated as a single unit.
In addition to stray light evaluation, this analysis was
used to determine at what point in the optical system a
zero transmittance reference measurement should be used.
The points tested included:
- sphere exit port inside optical enclosure
- outer exit port of enclosure
- first polarizer position
- sample holder plane
- second polarizer position
The uncalibrated signal from each of these points was
collected and compared. In all cases, the digital counts
for each signal agreed within 0.001% (5 out of a possible
4096 counts) compared to the other positions. This
confirmed that no stray light existed in the optical
system. All measurements included correction for
electrical dark signal by virtue of the radiometer's
internal paddle blocking the light beam on each
measurement. The electrical noise was approximately 54
counts across the array -
No stray light was found in the system, so it was decided
that the zero transmittance reference measurement be made
by blocking the beam at the sample holder position as
this was the most convenient spot.
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I) Linearity Analysis
The linearity of the system was compared to a Milton Roy
Color Scan 11/ 45 spectrophotometer running in the
transmittance measurement mode. The Color Scan system's
linearity had already been characterized and is
considered traceable to National Institute of Standards
and Technology standards.
The comparison was made by measuring 3 different neutral
density filters along with a 100% transmittance
measurement on both instruments and comparing the data.
If the measurements made on both instruments agree for
these filters within a level of 0.3% transmittance, it
was assumed that the linearity of the systems was
comparable. The 0.3% tolerance is determined by the
short term repeatability of the system and the ability of
the neutral density filters to maintain temporal
stability over the short term and is a general rule of
thumb with spectrophotometer manufacturers. In general,
the linearity of an optical system is worse in the middle
of the measurement scale and is symmetric about that
middle. For this reason, it was decided to characterize
the lower part of the system's sensitivity. The filters
had nominal integrated transmittances of 2.5%, 10%, 24%,
and 46% respectively. The filters were measured on the
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Color Scan II /45 and the Polar-Spectrophotometer.
During the linearity analysis, appropriate neutral
density filters were used to avoid detector saturation.
The linear polarizer was removed for this measurement.
Adaptive integration was also used. A spectral
transmittance plot of these measurements is found in
Figure 12. The numerical difference between each of the
instruments can be found in Table I. The differences
between the two instruments were small (less than a worst
case 0.18% transmittance) allowing assumption of
acceptable linearity of the Polar-Spectrophotometer.
Therefore no numerical corrections were applied to the
data.
Table I - Color Scan II vs. Polar Spectrophotometer Linearity
Linearity Comparison
Instrument % T A
Color Scan II /45 2.41
Polar-Spectrophotometer 2.34 0 . 07
Color Scan II /45 9.64
Polar-Spectrophotometer 9.51 0.13
Color Scan II /45 24.12
Polar-Spectrophotometer 24.06 0.06
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Figure 12 - Neutral Density Filter Measurements for Polar-
Spectrophotometer (PS) and Milton Roy Color Scan 11/45 (CS)
J) Wavelength Calibration
Wavelength calibration for the radiometer is attained via
software correction. When the instrument reads data from
the detector array, an internal software correction
shifts the data to correspond to the appropriate
wavelength based on measurements of a line source.
Measuring this line source constitutes wavelength
calibration. The specific technique and operation have
been previously described
25
and the calibration check of
this system was performed in the same manner using the
same software. The system was found to be in good
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calibration at the start of the work, relative to the
previous calibration. The manufacturer suggests that
recalibration be performed if the measured peaks measured
from a line source differ from the actual values by 0.3nm
or more. The results of the calibration check are
found in Table II. The seventh peak at 578.01nm was
measured at 578.33nm was slightly above the suggested
value, however the remaining seven peaks were well within
the suggested range. It was decided not to recalibrate
the system since the average deviation was below 0.3nm.
Table II - PR703 Wavelength Calibration
Wavelength Calibration
Peak # Measured Reference Deviation
1 404.40 404.66 -0.26 nm
2 435.67 435.83 -0.16 nm
3 467.96 467.82 +0 . 14 nm
4 480.06 479.99 +0.07 nm
5 508.46 508.58 -0.12 nm
6 546.04 546.07 +0.03 nm
7 578.33 578.01 +0.32 nm
8 643.79 643.85 -0.06 nm
Average: -0.05 nm
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K) Short Term Stability
Each system characterization was expected to take 20
minutes and was based on relative measurements. The
stability of the system was therefore necessary over the
20 minute time frame. Longer stability, while desirable,
was not a necessity since comparisons using absolute
measurements would not be done. The short term stability
study was therefore tested over a 30 minute period. The
additional 10 minutes allowed for increases in radiometer
integration time for darker samples. The stability of the
system was checked in conjunction with the source drift
analysis described earlier. After the source and
detector stabilized, the data were evaluated that
represented an additional 30 minutes worth of
measurements . Figure 9 , which describes the source
warmup analysis, shows that the data is constant over an
additional 30 minutes within 0.1 AE*ab units.
L) Polarization Sensitivity of the Detector System
The system was to include different illumination and
collection polarizations, requirinq polarization
sensitivities of the detector be accounted for. Previous
research
25 suggested that some part of the system was
sensitive to polarized light. A common problem with
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detection systems is monochromator sensitivity to the
"Wood Effect".26"30 The Wood Effect outlines how gratings
are sensitive to polarized light at certain wavelengths
and certain refractive orders. If steps are not taken to
depolarize light incident on a grating, the grating
dispersion and efficiency can abruptly change at certain
wavelengths with changes in incident light polarization.
Radiometer polarization sensitivity was confirmed by
comparing the measured % Transmittance of the polarizer
when mounted at different angles in the holder. A plot
of these measurements is found in Figure 13 . This plot
represents A% Transmittance vs. Wavelength vs.
Polarization Angle. The fact that the measured
transmittance is not consistent over all polarization
angles confirms the sensitivity of the radiometer, either
in the grating, optical components, or both, to polarized
light. The radiometer being a grating based instrument,
the most probable cause is the grating element and
associated optical components.
All possible polarization states to be used during sample
characterization were calibrated before the sample was
scanned due to the sensitivity. An alternative to
individual calibrations would be to use a depolarizer in
front of the radiometer. However, this would reduce the
light throughput of the system and introduce a source of
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Figure 13 - Polarization Sensitivity Profile
PR703 Radiometer
instability and thermal sensitivity.
M) Detector Interface Software Problem
A software bug in the radiometer manufacturer's driver
package required that the dichroic characterization
software check the uncorrected digital counts which were
derived from the analog signal from the detector. The
signal overrange function of the driver software only
checked for overranges after the raw signal was corrected
using the internal electrical dark signal. This meant
that if the raw analog signal overranged by a small
amount, it might not be picked up by the software after
digital conversion and dark correction. The raw light
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and dark digital data was available in addition to the
corrected data so the raw light signal was checked during
data acquision. If the maximum signal across the array
was above 4050 counts, then the data was considered
invalid and an overrange was signaled. This check
eliminated the problem.
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N) Sample Characterization Procedure
The characterization procedure is outline in Table III
During this procedure, the system configuration was
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established, depending on the type of characterization
being performed. There were two configurations possible.
The first was with the polarizing filter placed before
the sample. This simulated the case in which polarized
light hit the sample. This would correspond to looking
at the material in a natural setting with the sunlight in
a partially polarized condition. The second
configuration placed the polarizer after the sample,
thus measuring the transmitted light at different
polarization states. This characterization would
simulate a condition in which the material is viewed by
someone with polarizing sunglasses. While this visual
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situation relies on the reflected light from the building
reaching the observer, characterizing the sample in
transmittance mode is acceptable as the spectral
difference measurements used to characterize the
dichroism response will be roughly equivalent between
reflectance and transmittance, even if the absolute
magnitudes of the changes are not.
Once the polarizer position was established, a scan first
was made of the source with the polarizer at the 0 degree
polarization setting to determine the integration time
suggested by the adaptive integration circuitry in the
radiometer system. If the integration time was long
(i.e. >20 seconds), neutral density filters were removed
to provide the appropriate intensity to maintain
reasonable integration time. Once this was done, it was
not necessary to change neutral density filters over the
samples characterized (which varied in transmittance
between 6% and 76%) .
Second, a single dark measurement was made by blocking
the sample holder, as previously described. For the dark
scan, the interface drivers reported a "data
unreliable"
error, since there was very little signal present. This
error was ignored since there was no substantive stray
light in the system. Third, calibration scans (without
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a sample loaded, i.e. air) were made over the established
polarization range and increment. For the data described
later, the polarizer was placed before the sample and
measurements taken from 0 to 180 degrees of polarizer
rotation, with a 5 degree increment between scans.
Adaptive integration was used for all measurements with
the exception of the dark measurement, in which a fixed
integration time of 100ms was used.
Finally, the sample was loaded into the holder and scans
taken. Data from each polarization state was written to
a separate MS-DOS file which represented corrected
transmittance over each lOnm increment from 400nm to
700nm. Corrected transmittance was computed using the
equation:
%T = 100 X ( dsample - ddark) /(dair - ddark)
where d represents digital counts between 0 and 4095
and dair is different for each polarization angle.
Each sample characterization consisted of 36 scans of 31
data points per scan. Including the calibration run,
this was a total of 2,232 discreet transmittance
measurements per characterization. The total
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characterization took approximately 20 minutes per sample
including calibration, which was performed before each
sample calibration.
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Chapter III) Design of Characterization Parameters
A) Goals of Characterization Parameters
The dichroic effect manifests itself as changes in a
material's absorptive properties. The changes may be
wavelength selective, resulting in hue or chroma shifts,
non-selective which results in a transmittance or
lightness shift, or a combination of the two. When
characterizing the dichroic effect, there should be a
numerically based technique for predicting the visual
reaction of the material to polarized light. The
characterization must also provide a basis for comparison
to another dichroic material to make qualitative
judgements about the fitness for use of one of the
materials in a given industrial situation. Therefore, the
goal of any characterizing parameters as a whole should
be:
1) To provide quantifiable distinctions
between dichroic and non-dichroic
materials;
2) To identify differences between both
selective and non-selective shifts and to
determine the nature of selective shifts,
breaking them down between hue shifts and
chroma shifts;
3) To identify the worst case shifting
expected for each parameter and the
polarization conditions at which it
occurs ;
4) To describe the dichroic effect using
common colorimetry where possible.
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In order to develop a characterization technique, several
transmitting materials were used as test samples. They
consisted of a pigment or pigments suspended in a
transparent plastic carrier medium in sheet form. This
plastic sheeting was then laminated between two 1/8"
pieces of clear glass. Some of the materials were
confirmed visually to suffer from dichroism while others
did not. Some of the materials showed an increase in
dichroism as the transmittance of the material went down.
Other materials simply showed increases or decreases of
dichroism seemingly at random.
B) CIELAB AL* Ac*^ AH*ab and a* b* Characteristic Plots and
Parameters
Traditional colorimetry uses L*, C*ab, and hab to
describe the color of materials, or AL*, AC*ab, and AH*ab
to compare two or more materials. There are several
reasons why these colorimetric parameters are used in
favor of spectrally based comparisons. First, the amount
of data is much smaller and more manageable. Secondly,
the colorimetric parameters correlate better with visual
responses due to the design of the metrics to include an
observer response function. Without these functions, all
spectral regions would be given equal weight in
computation of a color difference metric. The observer
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functions clearly show that vision does not respond in
this manner, making selective weighting functions a
requirement.
Visually, the hue, chroma, and transmittance of a
dichroic material can change as the incident light's
linear polarization state changes. Therefore, the
comparison of a single polarization state to subsequent
polarizations for the same material can quantify these
visual changes.
Looking at the differences in L* C*ab hab will give
indications as to the visual change expected and identify
which of the three parameters is most dominant. For
example, changes in L* with little or no changes in C*ab
or hab indicate a non-selective transmittance shift.
Conversely, changes in C*ab or hab with little L* change
indicate less transmittance shifting and more hue and
chroma changes. Figure 14 illustrates AL*, AC*^, AH*ab,
and AE*ab for a non-dichroic material compared to an
arbitrary 0 degree measurement. The consistency in all
parameters indicates that no dichroic sensitivity is
evident in this material. Figure 15 is the same type
plot based on characterization of a dichroic material.
In this case, all of the parameters change over the
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Figure 15 - Colorimetric Differences for a Dichroic Material
The data in Figure 15 suggests that the visual shift in
this material would be one of chroma as opposed to either
lightness or hue. This is because the AC*ab parameter







Figure 16 - CIELAB Plot of Dichroic Material
the absolute a* b* values for the same characterization.
Confirming the data in Figure 15, Figure 16 shows a
fairly consistent hue as the points lie roughly along a
straight line drawn through the center of the CIELAB
color centroid. Figure 17 illustrates the same data with
the axes expanded.
An interesting issue brought out in Figure 15 is that of












- Enlarged Scale for CIELAB Plot of Dichroic
polarization angle increases, the dichroic shifting gets
worse, then better, and then slightly worse again. One
possible cause of this is that there was two different
pigments with separate dichroic responses in one
composite material. It may also be an interaction with
the laminating glass and Brewster's angle. Brewster's
angle is defined such that if unpolarized light hits
glass at a certain angle, the resulting reflected light
will be
polarized.6It may be that the light striking
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the second glass is being somehow polarized and causing
changes in the results. However, since the laminate is
visually observed as dichroic, the same conditions will
occur when seen and so the dual humps in Figure 15 were
not investigated in depth.
Another dichroic material is illustrated in Figure 18.
This material is a different hue than the first dichroic
material. This plot differs from that in Figure 15 in
that there is slightly more hue shift although the change
in AC*ab is still the prevailing attribute. The CIELAB
a* b* plot in Figure 19 shows a more oval distribution of
the data compared to the almost linear spread in Figure





















Figure 19 - CIELAB Plot of a Second Dichroic Material
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C) Determining the Maximum Deviation for the CIELAB AL* Ac* bAH*ab Characteristic Parameters
In addition to knowing the progression of the AL* Ac*^
AH*ab Plots shown in Figures 15 and 18, a brief worst-
case scenario can be identified by knowing the maximum
values of each. These maximums are outlined in Table IV
below.
Table IV - CIELAB AL* AC*ab AH*ab Maximum Parameters
Parameter Non-dichroic Dichroic #1 Dichroic #2
Max / Deg Max / Deg Max / Deg
AL*
.2 / 180 3.6 / 70 4.0 / 95
Ac*ab .2 / 80 9.0 / 65 8.3 / 90
AH*ab .2 / 80 1.7 / 60 2.7 / 105
AE*ab .2 / 80 9.8 / 65 9.4 / 100
The maximum AE*ab for both dichroic materials is very
close at 9.8 and 9.4 respectively. However, the second
dichroic material experiences slightly less lightness
shift (.7 AL*) , a decrease in chroma shift (.7 AC*ab) and
an increase in hue shifts (1.0 AH*ab units). This
reflects the CIELAB plots in Figures 16 and 19 and
illustrates that just looking at AE*ab alone in not
enough to completely describe the dichroic effect.
Presenting the data in this format, provides a fairly
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complete picture of the dichroic effect without having to
produce elaborate graphs of the parameters and allows for
a quick comparison of information. The additional
information of polarization at which each maximum occurs
also highlights shifts in polarization angle sensitivity
between different test subjects.
D) Integrated Areas under the CIELAB AL* Ac*ab AH*ab curves
While the maximum values for the AL*, AC*ab, and AH*ab
parameters tell a great deal about the worse case of
dichroic response, they do not provide information
concerning the colorimetric change over the entire
polarization angle range. CIELAB difference plots
indicate dichroic response regions in which more or less
dichroic response is obtained. However, this still does
not give an overall indication of dichroic response. For
example, a material may not show any dichroic response
with the exception of a very narrow region, say from 70
to 110 degrees of rotation. Another material may
conversely show dichroic response over a range of 50 to
130 degrees of rotation and still have the same maximums
for the CIELAB AL* AC*ab AH*ab maximum difference
parameters. Therefore using only the CIELAB AL* AC*ab
AH* w maximum difference parameters would be misleading
in suggesting the material's dichroic response as
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similar. While looking at the CIELAB difference plots
should show some differences between the two materials
the difference in polarization range may not be easily
quantified.
The integrated areas will under the CIELAB AL* AC*ab AH*ab
curves provide additional information than AL* AC*ab AH*ab
versus polarization angle plots especially where multiple
peaks can be found. For multiple peaks, the maximum
CIELAB AL* AC*ab AH*ab parameters will only be
representative of the largest peak and not identify any
smaller peak(s) .
E) CIE Degree of Polarization Parameter
The CIE recommends a degree of polarization parameter
that defines the extent to which a light beam is
polarized.31 This parameter, however, is not applicable
to the characterization since the dichroism is a function
of the material and not the incident light beam.
Therefore, the parameter has no meaning in the context of
a dichroic characterization and was not used.
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F) Three Dimensional Transmittance Plotting
In addition to the traditional colorimetric data
described in previous sections, a spectrally based review
of the characterization data was also developed. This
was done to provide a more complete, although
complicated, characterization. Traditionally,
transmittance values are plotted against wavelength to
provide a spectral "fingerprint" of the material being
measured. The characterization involved transmittance
measurements at 36 discreet polarization states allowing
the traditional transmittance plot to be expanded into a
three dimensional plot to illustrate the changes in
spectral response at different polarization angles.
Since the CIELAB parameters were evaluated in the form of
differences from an arbitrary 0 degree measurement, the
same approach was made for the three dimensional
transmittance plots, that is to plot the difference in
percent transmittance at each wavelength for each
polarization state compared to the 0 degree measurement.
For non-dichroic materials, the three dimensional plot
should look similar to a two dimensional constant plane
since no change in transmittance occurs over the
polarization range. Such a sample is shown in Figure 20
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and is the same sample described in Figure 14 for the
CIELAB AL* AC*ab AH*ab plot. In this plot, the wavelength
is plotted along the X axis, the difference in
transmittance compared to 0 degree along the Y axis, and
the polarization angle along the Z axis.
Dichroic materials created a much different plot. Figure
21 shows the results from the dichroic material discussed
in Figure 15 of the CIELAB AL* AC*ab AH*ab plot. This
Figure shows spectral differences characteristic of
adichroic material. The shifts occur in the 500-700nm
range, and begin almost immediately when the polarization




Figure 20 - Three Dimensional Transmittance Difference Plot
for Non-dichroic Material
The deformation in the plot results from the dichroism
sensitivity of the material. Different materials will
provide different deformations that correspond to a
different visual response. Much as the transmittance
versus wavelength plots uniquely identify a material's




Figure 21 - Three Dimensional Transmittance Difference Plot
for Dichroic Material
6) Three dimensional Parameter Design
The information presented in the three dimensional
transmittance difference plot can be summarized by
several parameters in much the same way that the CIELAB
maximum parameters describe the CIELAB AL* AC*ab AH*ab
plots. The purpose of the three dimensional parameters
is to identify the wavelength and polarization angles
over which the dichroic deformation is present and to
quantify the maximum transmittance difference within the
deformation (or the largest deformation if more than one
exists) .
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In order to characterize the deformation, the first step
is to decide what constitutes a deformation. A
difference in transmittance between several measurements
on the same sample is always possible and is a function
of the short term repeatability of the instrument.
Therefore, a dichroic threshold must be selected. Any
difference above this threshold is identified as
resulting from the dichroic response. Any difference
below this value could be the result of dichroic response
or instrument instability and therefore is not be used in
calculation of any parameters. The next step is the
calculation of the maximum dichroic transmittance. This
is defined as the maximum transmittance difference in the
deformation. The maximum dichroic transmittance is
associated with the dichroic wavelength and dichroic
polarization angle. These parameters represent the
wavelength and polarization angle at which the maximum
dichroic transmittance is located. These three
parameters isolate the worse case transmittance
difference for the dichroic material. They also identify
the polarization angle that the material is most
sensitive to, as well as the wavelength at which the bulk
of the transmittance changes can be expected. The
dichroic wavelength is similar in principal to the
dominant wavelength from the 1931 CIE diagram. In order
to numerically identify the extent of the deformation,
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two additional parameters can be specified, the dichroic
wavelength range and dichroic polarization range. These
numbers represent the range over which the dichroic
deformation lies along the wavelength and polarization
ranges. For example, if the dichroic deformation was
present from 550nm to 650nm, and started at a
polarization angle of 50 degrees and ended at 150
degrees, the dichroic wavelength range would be lOOnm and
the dichroic polarization range would be 100 degrees.
These five parameters reduce the need for the three
dimensional plot and when combined with the CIELAB
maximum parameters can provide a numerical specification
of the dichroic response of transmitting materials.
H) Characterization Parameter Correlation
Several of the derived parameters may be unnecessary in
that they may correlate to one another to such an extent
that dropping one or more from the characterization will
not cause a loss of information. The method to test this
would be to run correlation statistics on the parameters
to see if they are independent of one another.
Unfortunately, the materials used in this work all come
from the same four pigments. Statistics on this limited
data set would not represent all cases of dichroic
responses possible and would result in correlated
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parameters that only apply to this pigment set. A
sufficiently robust sample set would be required to
obtain a truly representative correlation analysis of the
characterization parameters. This represents a possible
area for more in-depth investigation.
I) Characterization Parameter Summary
The characterization parameters and plots just described
provide a complete picture of the dichroic response of a
material. To characterize the material, each of the
items should be included to show all aspects of dichroic
response as listed in the goals section. These items
include each of the following:
1) CIELAB AL* AC*ab AH*^ plot;
2) CIELAB AL* AC*ab AH*ab maximum parameters;
3) Integrated CIELAB AL* AC*ab AH*ab functions with
respect to polarization angle;
4) CIELAB a* b* plot;
5) Three dimensional transmittance
difference plot;
6) Three dimensional deformation parameters.
Items two and six can be combined into a generic
parameters table. Taken as a group, this information
meets the criteria set forth in the introduction to
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parameters section as necessary for an understanding of
dichroic behavior.
Figures 22 through 24 and Table V represent the complete
dichroic characterization for the dichroic material used
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Figure 23 - CIELAB AL* AC*ab AH*ab for dichroic material
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Figure 24-3 Dimensional Transmittance Difference Plot for
Dichroic Material
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Table V - Dichroic Characterization Summary Parameters for
Dichroic Material
Parameter Value Polarization Angle
Maximum AL* 3.6 7 0 dg
Maximum AC*ab 9.1 65 dg
Maximum AH*ab 1.7 60 dg
Maximum AE*ab 9.9 65 dg
Summation AL* 63.4






Wavelength Range 110 nm
Polarization Range 155 dg
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Chapter IV) Practical Application of Dichroic Characterization
A) Introduction
The dichroic characterization parameter described can be
applied to many industrial situations, both in a research
environment and a manufacturing environment. The needs
for these two groups are different in terms of simplicity
and scope, with the manufacturing environment much less
involved.
The manufacturing environment relies more on numerical
parameters and less on graphical interpretation of data.
In addition, only a few parameters need be considered by
a manufacturing operation to alert them to a potential
problem that requires the involvement of research
technicians or scientists. The characterization
technique provides this in it's CIELAB AL* Ac*ab AH*ab
maximum parameters and AL* AC*ab AH*ab sums.
Specifications placed on these parameters provide a first
indication of a change in dichroic properties. In
addition, these parameters by design correlate better to
visual responses to color. Using the spectrally based
data does not include this weighting, and if used could
give misleading information by treating all hues the same
in a numerical sense.
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The researcher will tend to use the graphs of both CIELAB
AL* AC*ab AH*ab difference parameters and three
dimensional transmittance differences in addition to the
CIELAB AL* AC*ab AH*ab maximum parameters and sums. While
these parameters will signal a change in the dichroic
response of a material, the graphic data presentation can
assist the researcher in determining the specific point
or points of the polarization and wavelength ranges at
which the dichroic response is occurring. This will
also provide a starting point for further investigation
into raw materials, process variables, and so forth.
The following sections briefly introduce several research
applications to which the dichroic characterization
technique can be applied.
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B) New Pigment Evaluation and Testing
In evaluating new pigments, the dichroic characteristics
of pigments can be tested along with other common
properties such as heat stability, lightfastness,
colorimetric properties, and price. By looking at the
maximum CIELAB AL* AC*ab AH*ab differences, a summary of
dichroic response can be established for a pigment and
compared to other pigments of the same type. If two
pigments are similar in maximum CIELAB AL* Ac*ab AH*ab
differences, the sums and finally the three dimensional
parameters can be used as the basis for further
decisions. The three dimensional transmittance
difference plot can also indicate what specific
polarization angles and wavelengths the pigments are
sensitive to.
Such an example can be found in Figures 25 through 3 0 and
Tables VI and VII which represent two different blue
pigments. Comparing the maximum CIELAB AL* AC*ab AH*ab
difference parameters in Tables VI and VII, it is
apparent that pigment "A" suffers far more from dichroism
than pigment "B". The maximum CIELAB AL* AC*ab AH*ab
parameters, AL* Ac*ab AH*ab sums, and three dimensional
dichroic parameters are smaller. The CIELAB a* b* plots
for pigment "A" spread out in an oval pattern while those
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if pigment "B" lie closely together. The three
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Figure 26 - AL* AC*ab AH*^ Plot for Pigment "B"
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nan
Figure 27 - CIELAB Plot for Pigment
"A1
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Figure 28 - CIELAB Plot for Pigment "B"
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Figure 29 - 3 Dimensional Transmittance Difference Plot
Pigment "A"
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Figure 30-3 Dimensional Transmittance Difference Plot for
Pigment "B"
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Table VI - Dichroic Summary Parameters for Pigment "A"
Parameter Value Polarization Angle
Maximum AL* 6.4 65 dg
Maximum Ac*ab 15.0 65 dg
Maximum AH*ab 1.8 80 dg








Wavelength Range 150 nm
Polarization Range 160 dg
Table VII - Dichroic Summary Parameters for Pigment "B"
Parameter Value Polarization Angle
Maximum AL* 0.4 55 dg
Maximum Ac*ab 0.7 65 dg
Maximum AH*ab 0.5 60 dg








Wavelength Range 10 nm
Polarization Range 60 dg
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C) Formulation Analysis
If pigments used in a formulation are dichroic, the final
impact of these pigments in product formulations should
be evaluated, especially if two different formulations
can provide the same color match to a standard. Cost,
weighing error sensitivity, metamerism, and production
process condition sensitivity are usually evaluated
before selection of a particular formulation. Use of the
dichroic characterization can also be used to select the
least dichroic match of the available pigment
combinations. If all matches are dichroic, the
characterization describes the visual response. Depending
on the specific product, having a chroma sensitivity may
be less noticeable compared to a hue difference or vice-
versa. In addition, a hue shift along a particular
vector in color space may be more desirable compared to
a hue shift along a different vector. This information
is all available from the dichroic characterization
summaries and plots. Use of a color difference metric
such as AE*ab may not provide edequate distinction
between these different color differences (hue, chroma,
and lightness) . A better parameter based on a unequal
weighting of these color difference parameters may help
in differentiation. A possible metric, CMC(l:c) is
74
described in the Further Studies section at the end of
the thesis.
Figures 31 through 39 and Tables VIII through X are from
three visually matched materials with different pigment
sets. The first two materials have similar dichroic
properties, with the maximum CIELAB AL* Ac*ab AH*ab
parameters for the first are slightly less than the
second, as are the integrated colorimetric parameters.
The three dimensional transmittance differences are
similar in shape as well. Comparing these to the third
shows very large differences in numerical parameters in
that the third formulation has very little dichroic
sensitivity. Use of the formulation characterization
clearly identifies the third formulation as the best
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Figure 33 - AL* Ac*^ AH*ab for Blue Formulation #3
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Figure 34 - CIELAB Plot for Blue Formulation #1
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Figure 35 - CIELAB Plot for Blue Formulation #2
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Figure 36 - CIELAB Plot for Blue Formulation #3
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Figure 37 - Three Dimensional Transmittance Difference Plot
Blue Formulation #1
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Figure 38 - Three Dimensional Transmittance Difference Plot
Blue Formulation #2
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Figure 39 - Three Dimensional Transmittance Difference Plot
Blue Formulation #3
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Table IX - Dichroic Summary Parameters - Blue Formulation #2



























Table X - Dichroic Summary Parameters - Blue Formulation #3































The processing conditions under which a color formulation
is manufactured into an end product and raw materials
used in that process can represent a source of
variability on the final characteristics of that product.
Hue, UV stability, lightfastness and fading may be
affected by process conditions. Dichroism may also be
affected by process conditions or equipment
configuration. All of the dichroic parameters developed
can assist in judging the impact of process conditions to
some extent. Comparisons of these parameters for dichroic
product produced under deliberately different conditions
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will provide feedback on the success or failure of the
changes in reducing dichroism. This information is
critical to a process or manufacturing engineer in
defining how far a process adjustment should or can be
made relative to desired performance. Many of the
parameters, especially those dealing with CIELAB AL*
AC*ab AH*ab and 3 dimensional difference parameters allow
the process engineer to "tune" the process to minimize
the dichroic effect based on visual preferences.
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Chapter V) Conclusions and Future Studies
A) General
The objective of the research centered on two areas:
design and building of a polar-spectrophotometer capable
of polarized transmittance measurements and derivation of
parameters to characterize and quantify the dichroism
effect seen in a transparent plastic application. Based
on the data and techniques presented, the objectives of
the thesis were met. The combination of plots and
parameters provide insight into most aspects of dichroic
sensitivity of transmitting material that can be also
applied to material seen in a reflectance mode and
characterized in transmittance. The specific parameters
are as follows:
1) Provide quantifiable distinctions
between dichroic and non-dichroic
materials;
2) Identify differences between both
selective and non-selective shifts and to
determine the nature of selective shifts,
breaking them down between hue shifts and
chroma shifts;
3) Identify the worst case shifting
expected for each parameter and the
polarization conditions at which it
occurs ;
4) Use common colorimetry for much of the
parameter generation.
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Several improvements to both instrumentation and
characterization technique can be made to improve upon the
work presented.
B) Light Source Design
As described, the light source and detector combination
used in the polar-spectrophotometer suffered from
excessive instability over the 400nm-450nm range, and had
short term drift on the order such that it would not be
considered acceptable for absolute measurements. There
are several possible improvements that could be made to
the current design to improve the stability and improve
the measurement repeatability, especially below 450nm.
Adding the additional light source would improve the
energy throughput of the system and allow for longer
integration time at the detector with appropriate light
balancing filtration at the light source. The filtration
will most likely require multiple filters and possible
infra-red rejection filters to protect the color
correction filters. Gelatin filters should be avoided as
they are more susceptible to heat damage compared to
glass. Another approach to improving the stability would
be to take several wavelength range discreet measurements
with the radiometer over the visible spectrum. For
example, to measure the blue end of
the spectrum, a blue
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filter would be used to make the first measurement.
Following would be an orange filter for the rest of the
spectrum. This would require an automated filter wheel
to move the filters in and out as well as extensive re-
programming of the radiometer acquisition software to
bypass the overrange and underrange functions in the
current device-driver software.
Replace the quartz tungsten halogen source with a more
balanced source such as Xenon Arc could also improve the
stability of the system. The advantage to this type of
source is that the blue and red ends of the spectrum are
more balanced and would not drive the radiometer to the
high end of the electronic 's dynamic range in one scan.
The difficulty in this would be to cool the external
source and direct the light into the integrating sphere
where it would then be depolarized, in addition to the
fundamental questions concerning short term stability and
requirement for a reference feedback system which has
already been addressed. There would also need to be
additional stray light precautions and optical stops
included both for the source itself and the feedback
system.
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It is expected that a combination of these improvements
will be required as each one alone may add reduce
stability more without the benefits of the other
enhancements .
C) Reflectance Capabilities
Many of the applications in which dichroism is a problem
are both transmitting and reflecting in nature, so
modification of the instrumentation to include
reflectance measurement capability is desirable. This
would allow exact duplication of the visual conditions
under which dichroism is seen in some applications. This
would require modification of the light source and sample
presentation sections. The light source will require
more power as the light reflected off a material at non-
perpendicular angles reduced by several magnitudes
compared to light transmitted through transparent
materials. The incident light will also have to be more
focused as the radiometer will be focused on the surface
of the material and not the light source itself. This
makes the material's surface characteristics and non
uniform illumination of the surface more influential on
the radiometric measurements, requirinq focusing optics.
A motorized sample armature may also be required if
multiple reflective angles need to be characterized. The
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calibration software for the radiometer will also need
modification to calibrate all reflective angles along
with different polarization states. The sample
presentation section should also be mounted on this
moveable armature.
D) Parametric Design
The parameters designed may in fact correlate to one-
another enough to allow reduction of the number of
parameters. In order to test this, more samples must be
prepared that represent a more robust pigment selection
and more dichroic formulations. Once more samples were
prepared, correlation statistics should be applied to the
data to reduce the number of parameters presented if
possible.
Because the effects of dichroism seem to be split between
hue and chroma changes, it would be a benefit to
investigate color metrics that are more designed toward
separation of these effects and an appropriate weighting
between them. Currently, the CIELAB parameters given
equal weight to both the AC*ab and AH*ab when computing
AE*ab. Given the separation of the AL*, AC*ab, and AH*ab
differences on the sample data used, an unequal weighting
of these parameters will likely improve visual
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correlation to the overall color difference parameter.
A system such as CMC(l:c) provides an alternative in that
the l:c ratio allows for unequal weighting of the AC*ab
and AH*ab parameters. The ratio l:c defines the
weighting between the lightness and chroma ratio; the hue
weight is assumed to be 1.0. A ratio of 2:1 weights the
Achroma and Ahue twice as much as Alightness. This
formula should be investigated as a replacement
difference metric for AE*ab. The specific l:c ratio
should also be determined for several dichroic sample
sets to determine if a single ratio is applicable. A 2:1
starting ratio is suggested, as is a quasi-standard in
many industrial application in which CMC(l:c) is used.
A visual ranking experiment should also be undertaken to
determine the correlation between the summation of the
CIELAB AL* AC*ab AH*ab parameters to determine their
effectiveness in predicting the visual response to
dichroism and the possible improvement of a CMC (l:c)
difference metric and it's l:c ratio. The experiment
should include both reflective and transmission materials
as the reflective materials are in general darker than
the transmitting applications. Different hue, lightness,
and chroma samples should be used if possible to
determine if the thresholds under which a material is
deemed visually objectionable changes with each of these
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components. It is expected that they will influence the
thresholds in the same manner as absolute AL*, Aa*, Ab*,
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2 RUNHEAD . FOR




4 COLORS . FOR
1 STRIPNZ . FOR
Program / Subroutine Purpose
Runs radiometer based on data
passed in via RUNHEAD. INP.
Corrects raw data using dark and white
files. Also checks for overranges in
Interface to drivers via PHOTO channel.
Arranges individual scan files into
input format for AXUM 3D Plotter.
Computes CIELAB coordinates from individual
files and computes integrated sums.
Strips data below 450nm from AXUM input













INTEGER*4 I NTT I ME
INTEGER*2 NAVG
COMMON /PRIMCOM/IHIGH.ILOW.IAVG
INTEGER*2 IHIGH, ILOW, IAVG
INTEGER*4 I TOTAL
DATA CONTROLFILE /'RUNHEAD. INP'/


























FORMAT( /,' 100% Line Data
/,' Dark Corrected Data
/,' Result File





, 1 i 1 0 ,
,1i10)
999
CALL SCAN(W,D,A, INTTIME,NAVG,WLDATA, IER)
IF (IER .NE. 0)WRITE(6,3)IER
FORMATC Error Code: ',i"4)




IF (IER .NE. 0)STOP '1'
IF (ITEMP .EQ. -1)WRITE(6,7)INTTIME
FORMAT(/' Adaptive Integration Time (MS): ',i10/)
WRITE(6,8)ILOW,IHIGH,IAVG
FORMAT(/' Low/High/Avg Digital Counts: ',3(i4,3x))
OPEN (UN I T=1 , F I LE=
' RUNHEAD . PAR ' , STATUS=
' UNKNOWN ' )


























INTEGERS I HIGH, ILOW, IAVG
INTEGER*4 I TOTAL
COMMON /PRIMCOM/IHIGH, ILOW, IAVG




WRITE(6,*)'Checktim 1.0 1/92 '







CALL SCAN(W,D,A, INTTIME,NAVG.WLDATA, IER)
WRITe(6,*)INTTIME,' ms... ', IHIGH,' a/dcts...'
IF (IER .EQ. 0 .AND. IHIGH .LT. 4000)GOTO 10
C




IF (ACURRENT .gt. ADMAX)GOTO 20
GOTO 10
20 CONTINUE







C ROUTINE WILL SCAN AND DETERMINE THE %T BASED ON THE
C VARIOUS FILES SPECIFIED
C
C WHITFILE - 100% NUMBERS
C DARKFILE 0% DARK NUMBERS
C
C INTTIME - INTEGRATION TIME FOR DETECTOR (IN MS)
C (-1 MEANS NO SET TIME AUTO ADAPT)
C NAVG - NUMBER OF AVERAGES (TO MAX 50)
C
C IF THE FILE NAMES ARE BLANK, THEN NO CORRECTIONS WILL BE MADE
C OR DATA WRITTEN
C
C ANSFILE - CORRECTED OUTPUTS
C





COMMON /PRIMCOM/IHIGH, ILOW, IAVG
INTEGER*2 IHIGH, ILOW, IAVG
CHARACTER*30 WHITFILE,DARKFILE,ANSFILE
REAL*4 WHITE(31),DARK(31)
D WRITE(6,*)'SCAN - IN WITH WHITE,DARK,ANS FILES:1
D WRITE(6,*)WHITFILE,DARKFILE,ANSFILE
D WRITE(6,*)'INT TIME AND AVG: ', INTTIME,NAVG
C













































D WRITE(6,*)'SCAN CALL SCANPRIM FOR TRANS NOW...'
CALL SCANPRIMdNTTIME, NAVG,T, IER)
D WRITE(6,*)'SCAN - SCANPRIM RETURNS IER: ',IER








d wri te(6,*) i ,dark( i ) , whi te( i ) , r, t( i )
10 CONTINUE
IER=0
IF (ANSFILE(1:1) .EQ. ' ' )GOTO 100
C
C OPEN THE RESULT FILE
C
IER=-14
OPEN(UN I T=1 , F I LE=ANSF I LE , STATUS=
' UNKNOWN ' )
IER=-15
C
C BEGIN BY WRITING "0" IN THE FIRST SLOT. THIS SAYS THERE IS NO




















C SCANS DATA FROM THE HEAD
C
C ERROR CODE READ FROM FILE ERRCCOE.ASC
C
C





COMMON /PRIMCOM/IHIGH, ILOW, IAVG
INTEGERS IHIGH, ILOW, IAVG
INTEGER*4 I TOTAL
CHARACTER*1 DRIVE






C FIRST, OPEN THE CONTROL FILE
C
D WRITE(6,*)'SCANPRIM - OPEN PHOTO CHANNEL NOW...'
OPEN(UNIT=1,FILE='PHOTO',STATUS='OLD',ERR=100)
C
C NOW, WRITE THE PARAMETERS. WE WILL USE FULL SCAN, LIGHT&DARK MEAS,
C SHUTTER OPEN DURING DARK, AND VARIABLE INTEGRATION
C
D WRITE(6,*)'SCANPRIM - COMMAND FOLLOWS: '
D WRITE(6,6)INTTIME/1000.0,NAVG








C NOW, THE FILES SHOULD BE WRITTEN. READ THE CONFIG FILE TO





D WRITE(6,*) 'SCANPRIM - FILES ARE LOCATED ON DRIVE: '.DRIVE












IF (ERROR .EQ. 1003)THEN
WRITE(6,*)'Data Quality Unknown Error 1003.
'











IF (ERROR .NE. 0)RETURN
C













IF (IJUNK .GT. IHIGH)IHIGH=IJUNK
IF (IJUNK .LT. ILOW)ILOW=IJUNK
ITOTAL=ITOTAL+IJUNK
IF (IHIGH .GT. 4050)THEN









C NOW, READ THE DATA FILE
ERROR=-3
WRITE(FILENAME,5)DRIVE, 'correctd.asc '





























C NOW, IF WE SPECIFIED A VARIABLE INTRGRATION TIME, RETURN THIS IN
C INTTIME VARIABLE
C























& 'Enter "1" to use the full WL range,',
& ' "" for 450, or a specific WL: '
READ(5,5)CHARBUF
IF (CHARBUF .EQ. ' 1 ' )THEN
STARTWL=1







IF (STARTWL .LT. 1 .OR. STARTWL .GT. 31 )GOTO 12
END IF
WRITE(6,13)390+(STARTWL*10)
13 FORMATC Starting WL: ',13)
DO 10 1=0,180,5
IF (I .LT. 10)THEN
WRITE(FILENAME,1)I














WRITE(6,*) 'ENTER OUTPUT FILENAME FOR ABS DATA: '
READ(5,5) FILENAME




































IF (I .LT. 10)THEN
WRITE(FILENAME,1)I






































DE( I )=SQRT(DL( I )**2+DA( I )**2+DB( I )**2)
WRITE(6,6)DEGS(I),DX(I),DY(I),DZ(I),
& DL(I),DA(I),DB(I),DC(I),DH(I),DE(I)






































SUMS( 1 )=SUMS( 1 )+ABS(DX( I ) )
SUMS(2)=SUMS(2)+ABS(DY(I))
SUMS(3)=SUMS(3)+ABS(DZ( I ) )
SUMS(4)=SUMS(4)+ABS(DL(I))
SUMS(5)=SUMS(5)+ABS(DA( I ) )
SUMS(6)=SUMS(6)+ABS(DB( I ) )





C NOW, WRITE OUT ALL THE FILES
C

























CALL COPEN(13, "LCH.MAX ')













































92 FORMATC+Processing degree ',13,' ')
















1 FORMATC Attached LUN ',i2,' to: ',1a12)
RETURN






CHARACTER*80 CHARBUF , F I LEOLD , F I LENEW
INTEGER*2 WL
WRITE(6,*)'STRIPNZ '
WRITE(6,*) 'Enter the OLD filename: '
READ(5,1)FILEOLD
WRITE(6,*) 'Enter the NEW filename: '
READ(5,1)FILENEW
OPEN (1 , F I LE=F I LEOLD , STATUS= ' OLD ' )




READ (1,1 , END=20,ERR=20 )CHARBUF
READ(CHARBUF(1:3),2)WL












# pages Name Program / Subroutine Purpose
2 ROTSET.BAS Set position of 2 rotators.
2 ROTZERO.BAS Set 0 degree position of 2 rotators
via manual turning.
1 ROTINIT.BAS Initialize Rotator steps, setup
controller
2 ROTUTIL.BAS Rotator utilities program.
File: ROTSET.BAS
REM Oriel Rotator Program
REM RWR 7/4/91
REM OPEN ROTATOR PORT
OPEN "ROTATOR.CFG" FOR INPUT AS #1
LINE INPUT #1, COM$
CLOSE #1
PRINT "Com Port: "; COM$
RICH$ = COMMANDS
REM WRITE COMMAND LINE AND READ IN AS INTEGERS
OPEN "$$$TEMP.ROT" FOR OUTPUT AS #1
IF (RICH$ = "") THEN RICHS = "-1 -1"
PRINT #1, RICHS
CLOSE #1
OPEN "$$$TEMP.ROT" FOR INPUT AS #1
INPUT #1, APOS, BPOS
CLOSE #1
IF (APOS <> -1) THEN GOTO 20
IF (BPOS <> -1) THEN GOTO 20
GOTO 21
20 REM
PRINT "Requested Position:": PRINT " Rotator 1): ", APOS: PRINT " Rotator 2): ", BPOS
21 REM
OPEN COM$ FOR RANDOM AS #1
REM NOW, GET THE CURRENT POSITION
GOSUB 1000
PRINT "Current Position : ": PRINT " Rotator 1): ", ADEG: PRINT " Rotator 2): ", BDEG
REM NOW, SET THE POSITION IF NOT A REQUEST FOR POSITION
IF (APOS = -1 AND BPOS = -1) GOTO 9999
APOS = APOS * 50
BPOS = BPOS * 50
GOSUB 1500
GOSUB 1000
PRINT "Final Position : ": PRINT " Rotator 1): ", ADEG: PRINT " Rotator 2): ", BDEG
9999 CLOSE #1
SYSTEM
1000 REM GET THE CURRENT A AND B ROTATOR POSITIONS IN DEG AND ABS
PRINT #1, "X";
LINE INPUT #1, NUMS
GOSUB 2000
AABS = NUM
ADEG = AABS / 50
REM PRINT NUM$, NUM
PRINT #1, "Y";
LINE INPUT #1, NUM$
GOSUB 2000
BABS = NUM
BDEG = BABS / 50
REM PRINT NUM$, NUM
RETURN
1500 REM GET THE CURRENT A AND B ROTATOR POSITIONS IN DEG AND ABS
IF (APOS = -50) GOTO 1501
REM PRINT "AG+"; APOS; ",S"
PRINT #1, "AG+"; APOS; ",S"
LINE INPUT #1, ANS$
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File: ROTSET.BAS
1501 IF (BPOS = -50) THEN RETURN
REM PRINT "BG+"; BPOS; ",S"
PRINT #1, "BG+"; BPOS; ",S"
LINE INPUT #1, ANSS
RETURN
2000 REM CONVERT STRING TO VARIABLE
OPEN "SSSTEMP.ROT" FOR OUTPUT AS #50
PRINT #50, NUMS
CLOSE #50






REM ROTZERO - SET ZERO POINT ON SECOND ROTATOR
REM
REM DONE USING THE CONCEPT THAT IF THE ROTATORS ARE PERPENDICULAR TO
REM ONE ANOTHER, THEN THEY WILL FOR A MINIMUM %T VALUE.
REM
REM Oriel Rotator Program
REM RWR 7/4/91
REM I NIT ROTATORS
PRINT "Initializing rotators with ROTINIT.EXE"
SHELL "ROTINIT.EXE"
REM OPEN ROTATOR PORT
OPEN "ROTATOR.CFG" FOR INPUT AS #1
LINE INPUT #1, COMS
CLOSE #1
PRINT "Com Port: "; COMS
REM NOW, OPEN COM PORT
OPEN COMS FOR RANDOM AS #1




REM NOW, BEGIN CYCLING THROUGH ALL ANGLES FROM 0 TO 360.
REM THAT THE MIN IS ZERO




REM ASK IF WE USE INTEGRATION TIME VIA SETTING OR AUTO-ADAPT
PRINT "Current integration Time (MS): "; inttimeS
PRINT "Do you wish to use it (Y) or auto-adapt (any other key)?"
INPUT ansS
IF (ansS = "y" OR ansS "Y") THEN
PRINT "We will use integration time specified"
ELSE
PRINT "We will use auto-adapt logic!"
inttimeS "-1"
END IF
REM MAKE A MEASUREMENT, THEN DETERMINE TRANSMITTANCE. ASSUME
OPEN "RUNHEAD. INP" FOR OUTPUT AS #1
PRINT #1, " "





PRINT "Press ENTER when ready to begin with calibrate run"
LINE INPUT RS
PRINT "Setting rotators to 0,0"






INPUT "Enter degree step for calculations: ", ST
FOR t = 0 TO 180 STEP ST





OPEN "SSSTEMP.ROT" FOR INPUT AS #1
LINE INPUT #1, tS
CLOSE #1
cmd$ = "ROTSET " + t$ + -1 >NUL
SHELL cmd$
OPEN "RUNHEAD. INP" FOR OUTPUT AS #1
PRINT #1, "ROTZERO.CAL"






SHELL "ADDCOLOR ROTZERO.ANS >NUL"
OPEN "ROTZERO.ANS" FOR INPUT AS #1












PRINT "%T at current angle: ";
PRINT USING "###.###"; y
PRINT "Max %t:"; : PRINT USING "###.###"; maxy
PRINT "At angle: "; : PRINT USING "###.#"; maxangle
NEXT t
PRINT "Final results for miny and maxangle: "
PRINT MINY, MINANGLE
PRINT maxy, maxangle
OPEN COMS FOR RANDOM AS #1




PRINT "Setting second rotator now to: ", maxangle
OPEN "SSSTEMP.ROT" FOR OUTPUT AS #1
PRINT #1, maxangle
CLOSE #1
OPEN "SSSTEMP.ROT" FOR INPUT AS #1
LINE INPUT #1, t$
CLOSE #1
cmd$ - "ROTSET " + t$ + "-1 >NUL"
PRINT cmd$
SHELL cmd$
REM now, tell rotators to reset zero
OPEN COMS FOR RANDOM AS #1









REM IN IT ROUTINE FOR ORIEL ROTATORS
REM RWR 7/91
REM
PRINT "Rotator Initialization Program - RWR 7/91"
OPEN "ROTATOR.CFG" FOR INPUT AS #1
LINE INPUT #1, COMS
PRINT "Com Port: "; COMS




FOR T = 1 TO NCMDA
PRINT T;








FOR T = 1 TO NCMDB
PRINT T;









100 REM GET ANS
101 REM
AS - INPUTSd, #2)





REM Oriel Rotator Utility Program
REM RWR 7/4/91
10 CLS
PRINT "Oriel Rotator Utilities RWR 7/5/91 "
PRINT " "
PRINT "1> Manually Set 0 on Rotators "
PRINT "2) Disable Windings temporarily "
PRINT "3) Enable Windings"
PRINT "4) Exercise Rotators "
PRINT "5) Re-Initialize Rotators using ROTINIT.EXE"
PRINT "6) Exit Program"
PRINT " "
PRINT "Enter one now: "; : INPUT OPT
REM DO NOT OPEN COM PORT FOR RE INIT OR EXIT.
IF OPT = 5 THEN GOTO 400
IF OPT = 6 THEN GOTO 500
REM ELSE, GET COM PORT.
REM OPEN ROTATOR PORT
OPEN "ROTATOR.CFG" FOR INPUT AS #8
LINE INPUT #8, COMS
CLOSE #8
PRINT "Com Port: "; COMS
CLOSE #1
OPEN COMS FOR RANDOM AS #1
IF OPT = 1 THEN GOTO 100
IF OPT = 2 THEN GOTO 200
IF OPT = 3 THEN GOTO 250
IF OPT = 4 THEN GOTO 300
PRINT CHR$(7); : GOTO 10
100 REM SET ZERO


















300 REM EXERCISE ROTATORS
DIM PK50), P2(50)
INPUT "How many positions? ", NPOS
INPUT "How many iterations? ", NITER
FOR T = 1 TO NPOS
PRINT "Iteration: ", T
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File: ROTUTIL.BAS
INPUT "Enter Rotator Positions: ", P1(T), P2(T)
NEXT T
FOR J = 1 TO NITER
FOR T = 1 TO NPOS








CS = "ROTSET " + P1S + " " + P2S + ">NUL"










INPUT "Press ENTER to continue...", richS
GOTO 10
500 REM EXIT PROGRAM
SYSTEM
1000 REM GET ANS
101 REM








1 BLDFILE . C
Program / Subroutine Purpose
Overall system functions. Control
rotators, radiometer. Calibrate system,
characterize sample, degree of polarization
of source
CIE Degree of Polarization subroutine.
Build filenames for data storage.
File: THESIS. C
/* THESIS. C - Main MS Thesis routine









char tempc [60] ;





if (mode == Oreturn;
printf ("Press ENTER to getting suggested integration, any other key to enter values.. An");
if (getchO == (char)13K
system ("if exist runhead.inp del runhead.inp");
system ("runhead\n");
>
printf ("Please enter instrument integration time (-1 for auto adapt) [%i] : ", integration_time);
gets(tempc);
if (tempc != NULDsscanf (tempc, "%i",&integration_time);
printf ("Please enter instrument averages [%i] : ",instrument_avg);
gets (tempc );
if (tempc != NULDsscanf (tempc, "%i",&instrument_avg);







get a scan from instrument (via the fortran RUNHEAD program)
****************************************************************************/
int get_a_scan(white,dark,ans)
char whiten ,dark[] ,ans[] ;
{
char cmd [60] ;
if ( (file=fopen("runhead.inp","w")) != NULLK
fprintf(file, "%s\n",white);



















printfC'Set Rotators to %i %i\n",r1,r2);













/* first rotating, need second? */
case 1 :
spr intf( temp, "second");
break;






if ( (file=fopen("tastsec.dat","r")) != NULDC
fscanf(file,"%i",&i);
fclose(file);
printf("\nPosition of the %s rotator? (-1 means not used) [%il: ",temp,i);
gets(temp);






























/* second rotating, need first? */
case 2:









printf ("\nPosition of the %s rotator? (-1 means not used, -2 for rotation) [%i] : ",temp,i);
gets(temp);
if (temp != NULDsscanf (temp, "%i",&i);
if (i == -2X
printf ("\nDegree increment for rotator: ");
gets(temp);










printf ("%cTry Again! ",(char)7);
goto get_pos;
>















if ( (file=fopen("lastpol.dat","r")) != NULLK






rot_start: printf("Please enter starting polarization angle [%i] : ",start_polarization);
gets(tempc);
if (tempc != NULL)sscanf(tempc,"%i",&start_polarization);
printfC'Please enter ending polarization angle [%i] : ",end_polarization);
gets(tempc);
if (tempc != NULL)sscanf(tempc,"%i",&end_polarization);
printfC'Please enter polarization rotation increment [%i] : ",polarization_increment)
gets(tempc);




printf ("Angle increment: %i\n",polarization_increment);
printf ("\nPress ENTER to accept, any other to change \n");
if (getchO == (char)13 )C
if ((file=fopen("lastpol.dat","w")) != NULLK
f p r i n t f ( f i I e , " % i % i %













deg_start: printfC'Please enter degree of polarization rotation increment [%i]
",degree_i ncrement ) ;
gets( tempc);
if (tempc != NULL)sscanf(tempc,"%i",&degree_increment);
printf("\n");
printfC'Angle increment: %i \n",degree_i ncrement);
printf ("\nPress ENTER to accept, any other to change \n");
if (getchO == (char)13 K













directory and file stuff
**************************************************************************** ,





















int i, choice, irot;
float tmin,tmax,dpol;
int pmin.pmax;
char charbuf [80] ,title[80] ,extension[5] ,calf i le[80] ,datf ile[80] ,c;
/* load system integration time etc. */





printf ("Polar Spectrophotometer Control Program (Int = %i ms Avg
%i)\n\n",integration_time,instrument_avg);
/* print out options, unless one specified from command line */
if (argv[1] != NULLK
sprintf (charbuf ,"%s",argv[1] );
goto decode_now;
>
top: printf (" 1) Variable Input / Fixed Output \n");
printfC 2) Fixed Input / Variable Output \n");
printfC 3) Degree of Polarization - Input \n");
printfC 4) Degree of Polarization - Output \n");
printfC 5) Determine Integration Time and AveragingVAn");
printfC 6) Calibrate Instrument, Generate Cal FilesVAn");
printfC -1) Exit Program \n");























sprintf(title, "Fixed or No Input / Variable Output")-
pnntf("%s\n", title);
^ '






printfCDegree of Polarization - Input \n");
get_pol_params(DEGREE_POL);




printfCDegree of Polarization - Output \n");













printf ("\n%c\nTry Again! \n",7);
goto beginning;
goto top;
/* normal t vs wl scan entry point */
norma l_scan:
get_extra_rotator(choice);
printf("\nPreparing for %s Scan! ! !\n\n", title);
if (first_pol != -1)printf("Be sure first rotator is in plane!\n");
if (second_pol != -1)printf("Be sure second rotator is in plane!\n");
printf ("\n Setting Rotators to basepoint degrees \n");
set_rotators(0,secondjx)l);
printf ("\nMaking Dark Measurement Prepare system and press any key when ready! \n")-
printfC'TO USE EXISTING DARK. DAT FILE, PRESS ESCAPE! \n");
c=getch();
if ((int)c==27)goto nodark;
/* make the dark scan first... */
get_a_scan(" "," "."dark.dat");








printf("\nReady to calibrate system Press any key when ready! \n");
getchO;
7* now, begin with no sample and run through the set of polarizations. */




D(printf("dir/irot/pols,ext: %s%i %i %i %s\n",directory,irot,f irst_pol, secondjx>l, extension);
switch (choiceK
case 1 :
bldfi le(cal_di rectory, i rot, second I, extension,calf ile);
set_rotators( i rot, second );
break;
case 2:
bldf ile(cal_di rectory, firstjsol.i rot, extension,calf ile) ;
set_rotators(f i rst_pol , i rot);
break;
>
D(printf("name: %s\n", calf ile);)
get_a_scan(" ", "dark.dat", calf ile);
>
printf ("%c%c%c", (char)7,(char)7, (char)7);
systemC'cls");
/* begin sample measurements.... */
no_cal: printf ("\nReady to analyze sample... Press any key when ready! \n");
getchO;
for (irot=start_polarizat ion; irot<=end_polarizati on; irot=irot+polarization_i ncrementK
D(printf("Polarization State: %i\n",irot);)




bldfi le(cal_di rectory, irot,second_pol,extension,calf i le);
sprintf (extension, "tra") ;





bldf ile(cal_di rectory, firstjx)l,i rot, extension,calf ile);
spri ntf (extension, "dat") ;
bldf ile(di rectory, first_pol,i rot,extension,datf ile);
set_rotators( f i rst_pol , i rot ) ;
break;
>
D(printf("name: %s\n",datf i le);)















if (first_pol != -1)i=1;
degpol(i,degree_increment,&tmin,&tmax,&dpol,&pmin,&pmax);









printf("\nAngle of Min %T
printf("\nAngle of Max %T
printf("\nPress ENTER to see a plot\n");





/* get both rotator positions */
get_pol_params(ROTATING);
get_f i le_stuff (directory);
get_ext ra_rotator ( 1 ) ;
if (first_pol == -1)get_extra_rotator(2);
printf ("\nPreparing for calibration Scan! ! !\n\n");
if (first != -1K
printf ("Be sure first rotator is in plane! \n");
choice=1;
>
if (second_pol != -1){
printf ("Be sure second rotator is in plane! \n");
choice=2;
>
printf ("\n Setting Rotators to basepoint degrees \n");
set_rotators(0.second_pol);
printf ("\nMaking Dark Measurement Prepare system and press any key when ready! \n");
getchO;
get_int_t ime( 1) ;
/* make the dark scan first... */
get_a_scan(" "," ", "dark.dat");
printf ("\nReady to calibrate system Press any key when ready! \n");
getchO;
get_i nt_t irned ) ;
/* now, begin with no sample and run through the set of polarizations. */
D(printf(" start/end/ inc: %i %i %i\n",startjx5larization,end_polarization,polarization_increment);
for (irot=start_polarization; irot<=end_polarizati on; irot=irot+polarization_i ncrementK
D(printf ("Polarization State: %i\n", irot); )
sprintf(extension, "cal");
D(pr intf ( "di r/i rot/pols,ext:%s%i%i%i%s\n",directory, irot.fi rst_pol,secondjx3l, extension);
switch (choiceK
case 1 :
bldf ile(di rectory, i rot, second_pol, extension,calf ile);
set_rotators( i rot , second_pol ) ;
break;
case 2:




D(printf("nanie: %s\n",calf i le);)











degree of polarization subroutine
routine will scan through the full circle in search of a minimum and
maximum transmittance value...
Then, degpol=(imax-imin)/(imax+imin)
Note that maximum transmittance values are computed using the



















printfCDegree of Polarization measurement\n");
/* begin with a calibration... */
printf("\nPrepare for a calibration run... Press any key when ready:\n");
getchO;
set_rotators(0.0);
get a_scan(" "," "."whitecal.dep");
printf("\nMaking measurements with %i degree steps... Press any key when ready:\n",r_inc);
getchO;
sprintf (filename, "%senergy.dep",di rectory);
file2=fopen(filename,"w");
i=(360/r_inc)+1;
fprintf (file2, "Degree of Polarization PloUn");
fprintf (file2, "Polarization angle\n");
fprintf(file2,"%i\n",i);
for ( i rot=0; i rot<=360; i rot=i rot+r_inc){


















fscanfd ile, "%s", string);
if (i == HEADER_Y)C
sscanf (string, "%f",&tota l_energy);




/* use this for fxn, Y */
>
got_energy: fclosed ile);
D(printf("b4 .. min/max: %6.2f %6.2f %i %i\n",*tmin,*tmax,*pmin,*pmax);)
if (total_energy > *tmax)C
*tmax = total_energy;
*pmax = irot;
D(printf("set new high! %i\n",*pmax);)
>
if (total_energy < *tmin)C
*tmin = total_energy;
*pmin = irot;
D(printf("set new min ! %i\n",*pmin);)
>










/* build file name routine */
#include "thesis.h"
int bldfi le(id, first, second, ext, name)
int first, second;
char name[], id[] ,ext[];
C
char temp [5] ,temp2[5];
D(printf("bldf ile - in with id, first, second.ext: %s %i %i %s\n", id, first, second,ext);)
sprintf ( temp, "%i", first);
if (first == -1)sprintf(temp,"na");
sprintf (temp2,"%i", second);
if (second == -1)sprintf(temp2,"na");
D(printf("bldf ile - first and second num strings: %s %s\n",temp,temp2);)
/*
*/
first = input pol
second = output pol








3 Second Dichroic Material
4 Pigment "A"
5 Pigment "B"
6 Blue Formulation #1
7 Blue Formulation #2
8 Blue Formulation #3
Non-Dichroic Material



















































































































ueg L* a* b* C*ab hab
0 79.66 -12.08 -9.48 15.35 218.12
5 79.95 -11.37 -9.14 14.59 218.80
10 80.27 -10.65 -8.68 13.74 219.18
15 80.63 -9.87 -8.20 12.83 219.74
20 81.00 -9.02 -7.74 11.89 220.64
25 81.37 -8.29 -7.10 10.92 220.59
30 81.75 -7.40 -6.77 10.03 222.47
35 82.09 -6.71 -6.27 9.18 223.03
40 82.41 -6.08 -5.80 8.40 223.62
45 82.68 -5.54 -5.39 7.73 224.20
50 82.92 -5.00 -5.16 7.19 225.87
55 83.09 -4.60 -4.94 6.75 227.03
60 83.21 -4.32 -4.80 6.46 227.99
65 83.27 -4.22 -4.69 6.31 227.96
70 83.27 -4.23 -4.69 6.31 227.97
75 83.21 -4.33 -4.79 6.46 227.94
80 83.07 -4.66 -4.81 6.70 225.91
85 82.88 -4.96 -5.13 7.13 225.99
90 82.64 -5.49 -5.38 7.68 224.42
95 82.36 -6.03 -5.75 8.33 223.66
100 82.05 -6.69 -6.22 9.13 222.92
105 81.70 -7.45 -6.62 9.96 221.64
110 81.33 -8.24 -7.13 10.90 220.87
115 80.96 -8.99 -7.67 11.82 220.44
120 80.57 -9.80 -8.18 12.77 219.84
125 80.22 -10.62 -8.64 13.68 219.13
130 79.88 -11.40 -9.04 14.55 218.41
135 79.58 -11.99 -9.51 15.30 218.42
140 79.31 -12.63 -9.79 15.98 217.79
145 79.12 -13.02 -10.13 16.49 217.89
150 78.99 -13.39 -10.24 16.86 217.42
155 78.92 -13.62 -10.21 17.02 216.84
160 78.93 -13.53 -10.36 17.04 217.44
165 78.99 -13.37 -10.24 16.84 217.46
170 79.14 -13.05 -10.09 16.49 217.72
175 79.33 -12.63 -9.78 15.97 217.75

















































































Deg L* a* b* C*ab hab
0 82.09 -23.35 -17.19 29.00 216.36
5 81.63 -24.21 -17.74 30.01 216.24
10 81.09 -25.20 -18.39 31.19 216.12
15 80.48 -26.23 -19.16 32.48 216.14
20 79.88 -27.42 -19.95 33.91 216.03
25 79.26 -28.71 -20.71 35.40 215.80
30 78.60 -30.02 -21.45 36.90 215.55
35 77.98 -31.36 -22.21 38.43 215.30
40 77.41 -32.67 -22.91 39.90 215.04
45 76.84 -33.93 -23.39 41.21 214.59
50 76.38 -34.96 -23.89 42.34 214.35
55 76.05 -35.69 -24.35 43.21 214.31
60 75.77 -36.30 -24.49 43.78 214.01
65 75.64 -36.66 -24.41 44.04 213.66
70 75.69 -36.58 -24.35 43.95 213.65
75 75.87 -36.33 -23.99 43.53 213.44
80 76.16 -35.71 -23.56 42.78 213.41
85 76.53 -34.85 -23.00 41.75 213.42
90 77.04 -33.79 -22.30 40.48 213.42
95 77.62 -32.61 -21.52 39.06 213.42
100 78.19 -31.31 -20.66 37.52 213.42
105 78.90 -29.93 -19.97 35.98 213.71
110 79.52 -28.61 -19.18 34.44 213.83
115 80.15 -27.34 -18.40 32.96 213.94
120 80.75 -26.17 -17.69 31.59 214.05
125 81.35 -25.10 -17.09 30.37 214.24
130 81.79 -24.11 -16.54 29.24 214.45
135 82.24 -23.35 -16.07 28.34 214.54
140 82.54 -22.70 -15.73 27.62 214.71
145 82.84 -22.18 -15.56 27.09 215.06
150 82.98 -21.85 -15.44 26.76 215.25
155 83.05 -21.73 -15.42 26.65 215.37
160 83.06 -21.74 -15.56 26.73 215.59
165 82.97 -21.85 -15.89 27.01 216.04
170 82.71 -22.23 -16.13 27.46 215.96
175 82.45 -22.66 -16.69 28.15 216.38
180 82.05 -23.40 -17.12 28.99 216.20
4-4/8
Pigment "B"
Deg L* a* b* C*ab hab
0 79.08 -39.19 -19.67 43.85 206.66
5 79.14 -39.14 -19.65 43.80 206.66
10 79.15 -39.11 -19.56 43.73 206.58
15 79.19 -39.06 -19.45 43.63 206.47
20 79.21 -39.01 -19.38 43.56 206.42
25 79.30 -38.93 -19.36 43.48 206.44
30 79.31 -38.90 -19.23 43.40 206.30
35 79.37 -38.82 -19.19 43.30 206.31
40 79.43 -38.86 -19.05 43.27 206.11
45 79.46 -38.81 -19.02 43.22 206.12
50 79.48 -38.78 -18.95 43.16 206.05
55 79.52 -38.69 -19.03 43.12 206.19
60 79.50 -38.72 -18.97 43.12 206.11
65 79.47 -38.73 -18.93 43.11 206.04
70 79.51 -38.73 -19.01 43.14 206.14
75 79.50 -38.78 -18.97 43.17 206.07
80 79.48 -38.78 -19.06 43.21 206.17
85 79.48 -38.88 -19.05 43.29 206.10
90 79.41 -38.85 -19.17 43.32 206.27
95 79.39 -38.97 -19.16 43.43 206.18
100 79.33 -38.99 -19.23 43.48 206.25
105 79.32 -39.04 -19.36 43.57 206.38
110 79.23 -39.02 -19.46 43.61 206.50
115 79.21 -39.12 -19.53 43.72 206.53
120 79.13 -39.21 -19.52 43.80 206.47
125 79.10 -39.24 -19.60 43.86 206.54
130 79.04 -39.27 -19.63 43.91 206.56
135 79.04 -39.31 -19.66 43.95 206.58
140 78.97 -39.32 -19.69 43.97 206.60
145 79.00 -39.25 -19.80 43.96 206.77
150 78.97 -39.31 -19.75 43.99 206.68
155 78.96 -39.34 -19.72 44.01 206.63
160 78.95 -39.32 -19.71 43.98 206.63
165 79.02 -39.26 -19.80 43.96 206.76
170 79.02 -39.24 -19.70 43.91 206.66
175 79.03 -39.31 -19.54 43.90 206.43
























































































































































































































































































17-20 Blue Formulation #1
21-24 Blue Formulation #2
25-28 Blue Formulation #3
A % Transmittance Data
Non-Dichroic Material
WL Pol A%T WL Pol A%T WL Pol A%T WL Pol A%T WL Pol A%T
450 0 0.00 450 10 0.10 450 20 0.11 450 30 0.30 450 40 0.24
460 0 0.00 460 10 0.17 460 20 0.26 460 30 0.14 460 40 0.15
470 0 0.00 470 10 -0.03 470 20 -0.02 470 30 -0.05 470 40 0.03
480 0 0.00 480 10 0.02 480 20 -0.05 480 30 -0.02 480 40 0.12
490 0 0.00 490 10 -0.04 490 20 -0.04 490 30 0.01 490 40 -0.01
500 0 0.00 500 10 0.06 500 20 0.08 500 30 0.04 500 40 0.06
510 0 0.00 510 10 0.06 510 20 0.02 510 30 0.07 510 40 0.07
520 0 0.00 520 10 0.03 520 20 0.02 520 30 0.00 520 40 0.00
530 0 0.00 530 10 0.04 530 20 0.04 530 30 0.05 530 40 0.02
540 0 0.00 540 10 -0.02 540 20 -0.03 540 30 0.05 540 40 0.00
550 0 0.00 550 10 -0.03 550 20 0.09 550 30 0.05 550 40 -0.02
560 0 0.00 560 10 -0.03 560 20 0.00 560 30 -0.02 560 40 -0.01
570 0 0.00 570 10 -0.08 570 20 -0.06 570 30 -0.06 570 40 0.01
580 0 0.00 580 10 -0.03 580 20 -0.02 580 30 -0.01 580 40 0.03
590 0 0.00 590 10 -0.01 590 20 -0.06 590 30 0.06 590 40 0.07
600 0 0.00 600 10 0.03 600 20 -0.01 600 30 0.03 600 40 0.05
610 0 0.00 610 10 0.06 610 20 -0.03 610 30 0.05 610 40 0.06
620 0 0.00 620 10 0.02 620 20 0.00 620 30 -0.02 620 40 0.01
630 0 0.00 630 10 -0.02 630 20 -0.05 630 30 0.04 630 40 0.04
640 0 0.00 640 10 0.07 640 20 0.03 640 30 0.05 640 40 0.00
650 0 0.00 650 10 0.01 650 20 0.00 650 30 -0.03 650 40 -0.01
660 0 0.00 660 10 -0.03 660 20 0.00 660 30 -0.02 660 40 0.01
670 0 0.00 670 10 -0.10 670 20 -0.15 670 30 -0.08 670 40 -0.05
680 0 0.00 680 10 -0.02 680 20 0.04 680 30 -0.01 680 40 -0.12
690 0 0.00 690 10 -0.01 690 20 -0.01 690 30 -0.08 690 40 -0.05
700 0 0.00 700 10 0.02 700 20 -0.07 700 30 -0.05 700 40 -0.08
450 5 0.13 450 15 0.22 450 25 0.17 450 35 0.15 450 45 0.22
460 5 0.15 460 15 0.06 460 25 0.12 460 35 0.23 460 45 0.15
470 5 -0.03 470 15 -0.07 470 25 -0.04 470 35 0.03 470 45 -0.04
480 5 -0.05 480 15 0.01 480 25 0.01 480 35 0.02 480 45 0.00
490 5 -0.06 490 15 -0.08 490 25 -0.14 490 35 -0.11 490 45 0.01
500 5 0.00 500 15 0.00 500 25 0.00 500 35 -0.02 500 45 0.06
510 5 0.01 510 15 0.05 510 25 0.02 510 35 0.05 510 45 0.07
520 5 -0.01 520 15 -0.01 520 25 0.02 520 35 0.03 520 45 0.01
530 5 0.05 530 15 0.03 530 25 0.00 530 35 0.03 530 45 0.03
540 5 0.01 540 15 0.01 540 25 0.02 540 35 0.03 540 45 0.06
550 5 -0.01 550 15 -0.06 550 25 0.07 550 35 0.04 550 45 0.00
560 5 0.05 560 15 0.00 560 25 0.00 560 35 -0.07 560 45 0.03
570 5 -0.04 570 15 -0.06 570 25 -0.07 570 35 -0.07 570 45 -0.06
580 5 -0.01 580 15 0.03 580 25 -0.03 580 35 -0.04 580 45 0.02
590 5 0.06 590 15 0.08 590 25 -0.02 590 35 0.09 590 45 0.02
600 5 0.01 600 15 0.02 600 25 0.00 600 35 0.00 600 45 0.02
610 5 -0.01 610 15 0.03 610 25 -0.05 610 35 0.01 610 45 0.06
620 5 0.02 620 15 -0.01 620 25 -0.06 620 35 0.05 620 45 0.03
630 5 0.10 630 15 -0.04 630 25 -0.04 630 35 0.00 630 45 0.03
640 5 0.07 640 15 -0.01 640 25 -0.01 640 35 0.06 640 45 0.03
650 5 -0.03 650 15 -0.13 650 25 -0.08 650 35 0.02 650 45 -0.02
660 5 -0.07 660 15 -0.10 660 25 -0.06 660 35 0.03 660 45 0.04
670 5 -0.06 670 15 -0.10 670 25 -0.13 670 35 -0.01 670 45 -0.03
680 5 -0.05 680 15 -0.09 680 25 0.05 680 35 -0.09 680 45 0.01
690 5 0.03 690 15 0.02 690 25 -0.04 690 35 0.08 690 45 0.00
700 5 -0.04 700 15 -0.05 700 25 -0.07 700 35 -0.01 700 45 0.00
5-1/28
WL Pol A%T WL Pol A%T WL Pol A%T WL Pol A%T WL Pol A%T
450 50 0.20 450 60 0.13 450 70 0.14 450 80 -0.04 450 90 0.13
460 50 0.11 460 60 0.18 460 70 0.14 460 80 0.07 460 90 0.11
470 50 -0.04 470 60 -0.08 470 70 -0.09 470 80 -0.14 470 90 -0.15
480 50 0.01 480 60 0.01 480 70 -0.02 480 80 -0.05 480 90 -0.03
490 50 -0.10 490 60 -0.18 490 70 -0.13 490 80 -0.08 490 90 -0.06
500 50 0.02 500 60 0.00 500 70 -0.02 500 80 0.00 500 90 -0.06
510 50 0.09 510 60 0.02 510 70 0.02 510 80 -0.02 510 90 0.01
520 50 0.02 520 60 -0.01 520 70 0.03 520 80 -0.02 520 90 -0.07
530 50 0.04 530 60 0.07 530 70 0.00 530 80 -0.02 530 90 -0.11
540 50 0.04 540 60 -0.01 540 70 0.04 540 80 -0.03 540 90 -0.03
550 50 0.06 550 60 -0.05 550 70 0.00 550 80 -0.02 550 90 -0.08
560 50 0.01 560 60 -0.01 560 70 -0.05 560 80 0.00 560 90 -0.08
570 50 -0.03 570 60 -0.03 570 70 -0.04 570 80 -0.12 570 90 -0.13
580 50 0.00 580 60 -0.03 580 70 0.02 580 80 -0.05 580 90 -0.06
590 50 0.02 590 60 0.03 590 70 0.03 590 80 -0.04 590 90 -0.04
600 50 0.04 600 60 0.04 600 70 0.05 600 80 0.06 600 90 -0.03
610 50 0.06 610 60 -0.02 610 70 0.00 610 80 -0.01 610 90 -0.02
620 50 0.04 620 60 0.00 620 70 0.03 620 80 0.02 620 90 -0.07
630 50 -0.01 630 60 0.04 630 70 0.01 630 80 -0.05 630 90 -0.01
640 50 0.02 640 60 0.04 640 70 0.09 640 80 -0.01 640 90 0.00
650 50 -0.03 650 60 -0.04 650 70 -0.04 650 80 -0.08 650 90 -0.09
660 50 -0.04 660 60 -0.08 660 70 -0.01 660 80 -0.10 660 90 -0.01
670 50 -0.08 670 60 -0.12 670 70 -0.05 670 80 -0.17 670 90 -0.19
680 50 -0.06 680 60 -0.07 680 70 -0.02 680 80 -0.09 680 90 -0.12
690 50 -0.02 690 60 0.09 690 70 0.01 690 80 0.02 690 90 -0.05
700 50 -0.04 700 60 -0.07 700 70 -0.02 700 80 0.01 700 90 0.02
450 55 0.30 450 65 0.25 450 75 0.23 450 85 0.12 450 95 0.08
460 55 0.19 460 65 0.22 460 75 0.16 460 85 0.03 460 95 0.14
470 55 -0.01 470 65 -0.06 470 75 -0.12 470 85 -0.09 470 95 -0.14
480 55 -0.03 480 65 -0.01 480 75 -0.06 480 85 -0.04 480 95 -0.03
490 55 -0.09 490 65 -0.12 490 75 -0.20 490 85 -0.11 490 95 -0.17
500 55 -0.05 500 65 0.04 500 75 -0.08 500 85 -0.06 500 95 -0.03
510 55 0.09 510 65 -0.01 510 75 -0.03 510 85 -0.07 510 95 -0.02
520 55 -0.01 520 65 -0.03 520 75 0.03 520 85 -0.04 520 95 -0.01
530 55 0.02 530 65 -0.04 530 75 -0.01 530 85 -0.03 530 95 0.02
540 55 -0.02 540 65 0.06 540 75 -0.01 540 85 -0.05 540 95 0.05
550 55 0.03 550 65 -0.02 550 75 -0.03 550 85 -0.09 550 95 -0.09
560 55 0.06 560 65 0.00 560 75 -0.09 560 85 -0.12 560 95 -0.04
570 55 0.00 570 65 -0.02 570 75 -0.05 570 85 -0.09 570 95 -0.12
580 55 -0.07 580 65 0.04 580 75 -0.05 580 85 -0.11 580 95 -0.02
590 55 -0.01 590 65 -0.01 590 75 -0.02 590 85 -0.04 590 95 -0.01
600 55 0.06 600 65 0.02 600 75 0.01 600 85 0.09 600 95 -0.03
610 55 0.05 610 65 0.00 610 75 -0.02 610 85 -0.02 610 95 0.00
620 55 0.04 620 65 0.04 620 75 -0.07 620 85 0.03 620 95 0.06
630 55 0.03 630 65 0.06 630 75 0.00 630 85 0.01 630 95 -0.02
640 55 0.07 640 65 0.03 640 75 0.01 640 85 -0.01 640 95 -0.02
650 55 -0.02 650 65 0.12 650 75 -0.06 650 85 -0.06 650 95 -0.11
660 55 -0.03 660 65 0.00 660 75 -0.07 660 85 -0.07 660 95 -0.03
670 55 -0.01 670 65 -0.04 670 75 -0.12 670 85 -0.17 670 95 -0.16
680 55 -0.04 680 65 -0.06 680 75 -0.08 680 85 -0.03 680 95 -0.13
690 55 0.00 690 65 -0.04 690 75 -0.01 690 85 0.01 690 95 -0.08
700 55 0.00 700 65 -0.01 700 75 -0.05 700 85 -0.09 700 95 0.01
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WL Pol A%T WL Pol A%T WL Pol A%T WL Pol A%T
450 150 0.44 450 160 0.39 450 170 0.50 450 180 0.44
460 150 0.45 460 160 0.47 460 170 0.48 460 180 0.54
470 150 0.14 470 160 0.17 470 170 0.27 470 180 0.36
480 150 0.27 480 160 0.31 480 170 0.27 480 180 0.37
490 150 0.19 490 160 0.23 490 170 0.26 490 180 0.28
500 150 0.23 500 160 0.26 500 170 0.38 500 180 0.38
510 150 0.30 510 160 0.33 510 170 0.34 510 180 0.41
520 150 0.25 520 160 0.27 520 170 0.31 520 180 0.33
530 150 0.25 530 160 0.26 530 170 0.34 530 180 0.35
540 150 0.28 540 160 0.27 540 170 0.33 540 180 0.47
550 150 0.22 550 160 0.30 550 170 0.34 550 180 0.38
560 150 0.08 560 160 0.28 560 170 0.29 560 180 0.36
570 150 0.14 570 160 0.21 570 170 0.20 570 180 0.28
580 150 0.15 580 160 0.25 580 170 0.28 580 180 0.31
590 150 0.26 590 160 0.22 590 170 0.28 590 180 0.33
600 150 0.26 600 160 0.18 600 170 0.31 600 180 0.30
610 150 0.21 610 160 0.17 610 170 0.32 610 180 0.24
620 150 0.24 620 160 0.23 620 170 0.26 620 180 0.29
630 150 0.28 630 160 0.20 630 170 0.24 630 180 0.31
640 150 0.16 640 160 0.26 640 170 0.27 640 180 0.34
650 150 0.15 650 160 0.15 650 170 0.24 650 180 0.13
660 150 0.12 660 160 0.22 660 170 0.27 660 180 0.28
670 150 0.09 670 160 0.06 670 170 0.08 670 180 0.18
680 150 0.15 680 160 0.17 680 170 0.13 680 180 0.21
690 150 0.17 690 160 0.17 690 170 0.22 690 180 0.31
700 150 0.10 700 160 0.18 700 170 0.24 700 180 0.17
450 155 0.42 450 165 0.48 450 175 0.60
460 155 0.46 460 165 0.33 460 175 0.43
470 155 0.26 470 165 0.18 470 175 0.27
480 155 0.32 480 165 0.31 480 175 0.35
490 155 0.15 490 165 0.21 490 175 0.28
500 155 0.28 500 165 0.31 500 175 0.34
510 155 0.29 510 165 0.26 510 175 0.37
520 155 0.21 520 165 0.28 520 175 0.35
530 155 0.32 530 165 0.25 530 175 0.37
540 155 0.36 540 165 0.31 540 175 0.31
550 155 0.32 550 165 0.28 550 175 0.37
560 155 0.27 560 165 0.27 560 175 0.25
570 155 0.19 570 165 0.16 570 175 0.22
580 155 0.25 580 165 0.29 580 175 0.24
590 155 0.17 590 165 0.19 590 175 0.34
600 155 0.29 600 165 0.27 600 175 0.29
610 155 0.22 610 165 0.28 610 175 0.27
620 155 0.22 620 165 0.23 620 175 0.31
630 155 0.21 630 165 0.17 630 175 0.39
640 155 0.26 640 165 0.21 640 175 0.34
650 155 0.18 650 165 0.14 650 175 0.25
660 155 0.12 660 165 0.14 660 175 0.27
670 155 0.11 670 165 0.10 670 175 0.12
680 155 0.09 680 165 0.10 680 175 0.24
690 155 0.21 690 165 0.13 690 175 0.23
700 155 0.02 700 165 0.17 700 175 0.27
5-4/28
A % Transmittance Data
Dichroic Material
WL Pol A%T WL Pol A%T WL Pol A%T WL Pol A%T WL Pol A%T
450 0 0.00 450 10 0.22 450 20 0.53 450 30 0.97 450 40 1.21
460 0 0.00 460 10 0.29 460 20 0.40 460 30 0.61 460 40 0.85
470 0 0.00 470 10 0.16 470 20 0.27 470 30 0.45 470 40 0.68
480 0 0.00 480 10 0.16 480 20 0.30 480 30 0.45 480 40 0.60
490 0 0.00 490 10 0.11 490 20 0.22 490 30 0.43 490 40 0.55
500 0 0.00 500 10 0.12 500 20 0.30 500 30 0.43 500 40 0.60
510 0 0.00 510 10 0.15 510 20 0.34 510 30 0.54 510 40 0.77
520 0 0.00 520 10 0.26 520 20 0.53 520 30 0.84 520 40 1.13
530 0 0.00 530 10 0.34 530 20 0.71 530 30 1.16 530 40 1.54
540 0 0.00 540 10 0.49 540 20 1.00 540 30 1.70 540 40 2.25
550 0 0.00 550 10 0.72 550 20 1.74 550 30 2.62 550 40 3.47
560 0 0.00 560 10 1.09 560 20 2.44 560 30 3.82 560 40 5.05
570 0 0.00 570 10 1.49 570 20 3.38 570 30 5.26 570 40 6.99
580 0 0.00 580 10 1.96 580 20 4.31 580 30 6.69 580 40 8.94
590 0 0.00 590 10 2.23 590 20 4.90 590 30 7.65 590 40 10.16
600 0 0.00 600 10 2.37 600 20 5.19 600 30 8.21 600 40 10.80
610 0 0.00 610 10 2.53 610 20 5.44 610 30 8.57 610 40 11.34
620 0 0.00 620 10 2.58 620 20 5.69 620 30 8.92 620 40 11.79
630 0 0.00 630 10 2.65 630 20 5.74 630 30 8.94 630 40 11.86
640 0 0.00 640 10 2.49 640 20 5.27 640 30 8.31 640 40 10.99
650 0 0.00 650 10 2.03 650 20 4.56 650 30 7.26 650 40 9.67
660 0 0.00 660 10 1.90 660 20 4.03 660 30 6.43 660 40 8.49
670 0 0.00 670 10 1.70 670 20 3.69 670 30 5.79 670 40 7.71
680 0 0.00 680 10 1.68 680 20 3.64 680 30 5.63 680 40 7.47
690 0 0.00 690 10 1.90 690 20 4.01 690 30 6.22 690 40 8.20
700 0 0.00 700 10 2.07 700 20 4.47 700 30 7.00 700 40 9.26
450 5 0.17 450 15 0.39 450 25 0.66 450 35 1.03 450 45 1.25
460 5 0.14 460 15 0.41 460 25 0.46 460 35 0.76 460 45 0.90
470 5 0.13 470 15 0.20 470 25 0.40 470 35 0.62 470 45 0.69
480 5 0.11 480 15 0.18 480 25 0.37 480 35 0.57 480 45 0.65
490 5 0.08 490 15 0.18 490 25 0.21 490 35 0.44 490 45 0.63
500 5 0.05 500 15 0.21 500 25 0.28 500 35 0.42 500 45 0.66
510 5 0.08 510 15 0.25 510 25 0.43 510 35 0.68 510 45 0.84
520 5 0.13 520 15 0.36 520 25 0.71 520 35 1.02 520 45 1.23
530 5 0.15 530 15 0.55 530 25 0.93 530 35 1.31 530 45 1.68
540 5 0.21 540 15 0.77 540 25 1.35 540 35 1.98 540 45 2.49
550 5 0.32 550 15 1.18 550 25 2.21 550 35 3.08 550 45 3.80
560 5 0.52 560 15 1.76 560 25 3.10 560 35 4.48 560 45 5.58
570 5 0.72 570 15 2.41 570 25 4.28 570 35 6.17 570 45 7.75
580 5 0.92 580 15 3.14 580 25 5.50 580 35 7.85 580 45 9.86
590 5 1.15 590 15 3.59 590 25 6.26 590 35 8.98 590 45 11.16
600 5 1.11 600 15 3.69 600 25 6.69 600 35 9.46 600 45 11.88
610 5 1.16 610 15 3.93 610 25 7.02 610 35 9.97 610 45 12.52
620 5 1.19 620 15 4.06 620 25 7.26 620 35 10.39 620 45 13.00
630 5 1.32 630 15 4.15 630 25 7.34 630 35 10.48 630 45 13.01
640 5 1.14 640 15 3.81 640 25 6.83 640 35 9.69 640 45 12.18
650 5 0.97 650 15 3.29 650 25 5.89 650 35 8.47 650 45 10.64
660 5 0.88 660 15 2.96 660 25 5.25 660 35 7.50 660 45 9.32
670 5 0.85 670 15 2.68 670 25 4.78 670 35 6.85 670 45 8.52
680 5 0.79 680 15 2.61 680 25 4.72 680 35 6.55 680 45 8.30
690 5 0.85 690 15 2.98 690 25 5.13 690 35 7.35 690 45 9.18




WL Pol A%T WL Pol A%T WL Pol A%T WL Pol A%T WL Pol A%T
450 0 0.00 450 10 0.22 450 20 0.53 450 30 0.97 450 40 1.21
460 0 0.00 460 10 0.29 460 20 0.40 460 30 0.61 460 40 0.85
470 0 0.00 470 10 0.16 470 20 0.27 470 30 0.45 470 40 0.68
480 0 0.00 480 10 0.16 480 20 0.30 480 30 0.45 480 40 0.60
490 0 0.00 490 10 0.11 490 20 0.22 490 30 0.43 490 40 0.55
500 0 0.00 500 10 0.12 500 20 0.30 500 30 0.43 500 40 0.60
510 0 0.00 510 10 0.15 510 20 0.34 510 30 0.54 510 40 0.77
520 0 0.00 520 10 0.26 520 20 0.53 520 30 0.84 520 40 1.13
530 0 0.00 530 10 0.34 530 20 0.71 530 30 1.16 530 40 1.54
540 0 0.00 540 10 0.49 540 20 1.00 540 30 1.70 540 40 2.25
550 0 0.00 550 10 0.72 550 20 1.74 550 30 2.62 550 40 3.47
560 0 0.00 560 10 1.09 560 20 2.44 560 30 3.82 560 40 5.05
570 0 0.00 570 10 1.49 570 20 3.38 570 30 5.26 570 40 6.99
580 0 0.00 580 10 1.96 580 20 4.31 580 30 6.69 580 40 8.94
590 0 0.00 590 10 2.23 590 20 4.90 590 30 7.65 590 40 10.16
600 0 0.00 600 10 2.37 600 20 5.19 600 30 8.21 600 40 10.80
610 0 0.00 610 10 2.53 610 20 5.44 610 30 8.57 610 40 11.34
620 0 0.00 620 10 2.58 620 20 5.69 620 30 8.92 620 40 11.79
630 0 0.00 630 10 2.65 630 20 5.74 630 30 8.94 630 40 11.86
640 0 0.00 640 10 2.49 640 20 5.27 640 30 8.31 640 40 10.99
650 0 0.00 650 10 2.03 650 20 4.56 650 30 7.26 650 40 9.67
660 0 0.00 660 10 1.90 660 20 4.03 660 30 6.43 660 40 8.49
670 0 0.00 670 10 1.70 670 20 3.69 670 30 5.79 670 40 7.71
680 0 0.00 680 10 1.68 680 20 3.64 680 30 5.63 680 40 7.47
690 0 0.00 690 10 1.90 690 20 4.01 690 30 6.22 690 40 8.20
700 0 0.00 700 10 2.07 700 20 4.47 700 30 7.00 700 40 9.26
450 5 0.17 450 15 0.39 450 25 0.66 450 35 1.03 450 45 1.25
460 5 0.14 460 15 0.41 460 25 0.46 460 35 0.76 460 45 0.90
470 5 0.13 470 15 0.20 470 25 0.40 470 35 0.62 470 45 0.69
480 5 0.11 480 15 0.18 480 25 0.37 480 35 0.57 480 45 0.65
490 5 0.08 490 15 0.18 490 25 0.21 490 35 0.44 490 45 0.63
500 5 0.05 500 15 0.21 500 25 0.28 500 35 0.42 500 45 0.66
510 5 0.08 510 15 0.25 510 25 0.43 510 35 0.68 510 45 0.84
520 5 0.13 520 15 0.36 520 25 0.71 520 35 1.02 520 45 1.23
530 5 0.15 530 15 0.55 530 25 0.93 530 35 1.31 530 45 1.68
540 5 0.21 540 15 0.77 540 25 1.35 540 35 1.98 540 45 2.49
550 5 0.32 550 15 1.18 550 25 2.21 550 35 3.08 550 45 3.80
560 5 0.52 560 15 1.76 560 25 3.10 560 35 4.48 560 45 5.58
570 5 0.72 570 15 2.41 570 25 4.28 570 35 6.17 570 45 7.75
580 5 0.92 580 15 3.14 580 25 5.50 580 35 7.85 580 45 9.86
590 5 1.15 590 15 3.59 590 25 6.26 590 35 8.98 590 45 11.16
600 5 1.11 600 15 3.69 600 25 6.69 600 35 9.46 600 45 11.88
610 5 1.16 610 15 3.93 610 25 7.02 610 35 9.97 610 45 12.52
620 5 1.19 620 15 4.06 620 25 7.26 620 35 10.39 620 45 13.00
630 5 1.32 630 15 4.15 630 25 7.34 630 35 10.48 630 45 13.01
640 5 1.14 640 15 3.81 640 25 6.83 640 35 9.69 640 45 12.18
650 5 0.97 650 15 3.29 650 25 5.89 650 35 8.47 650 45 10.64
660 5 0.88 660 15 2.96 660 25 5.25 660 35 7.50 660 45 9.32
670 5 0.85 670 15 2.68 670 25 4.78 670 35 6.85 670 45 8.52
680 5 0.79 680 15 2.61 680 25 4.72 680 35 6.55 680 45 8.30
690 5 0.85 690 15 2.98 690 25 5.13 690 35 7.35 690 45 9.18
700 5 0.92 700 15 3.23 700 25 5.72 700 35 8.22 700 45 10.17
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WL Pol A%T WL Pol A%T WL Pol A%T WL Pol A%T WL Pol A%T
450 100 0.96 450 110 0.67 450 120 0.33 450 130 0.02 450 140 -0.28
460 100 0.66 460 110 0.54 460 120 0.22 460 130 0.01 460 140 -0.27
470 100 0.39 470 110 0.29 470 120 0.09 470 130 -0.15 470 140 -0.23
480 100 0.43 480 110 0.26 480 120 0.07 480 130 -0.11 480 140 -0.28
490 100 0.33 490 110 0.19 490 120 0.01 490 130 -0.12 490 140 -0.28
500 100 0.35 500 110 0.16 500 120 -0.03 500 130 -0.13 500 140 -0.31
510 100 0.54 510 110 0.35 510 120 0.12 510 130 -0.10 510 140 -0.28
520 100 0.91 520 110 0.65 520 120 0.23 520 130 -0.05 520 140 -0.33
530 100 1.25 530 110 0.80 530 120 0.35 530 130 -0.06 530 140 -0.34
540 100 1.88 540 110 1.27 540 120 0.63 540 130 0.09 540 140 -0.40
550 100 2.98 550 110 2.07 550 120 1.08 550 130 0.20 550 140 -0.48
560 100 4.43 560 110 3.04 560 120 1.70 560 130 0.47 560 140 -0.59
570 100 6.14 570 110 4.26 570 120 2.32 570 130 0.67 570 140 -0.72
580 100 7.86 580 110 5.51 580 120 3.09 580 130 0.88 580 140 -0.89
590 100 8.88 590 110 6.26 590 120 3.49 590 130 1.01 590 140 -1.01
600 100 9.51 600 110 6.67 600 120 3.70 600 130 1.01 600 140 -1.06
610 100 9.94 610 110 6.94 610 120 3.95 610 130 1.05 610 140 -1.14
620 100 10.38 620 110 7.25 620 120 4.06 620 130 1.16 620 140 -1.14
630 100 10.42 630 110 7.33 630 120 4.09 630 130 1.15 630 140 -1.14
640 100 9.68 640 110 6.78 640 120 3.75 640 130 1.01 640 140 -1.13
650 100 8.41 650 110 5.83 650 120 3.22 650 130 0.83 650 140 -1.10
660 100 7.27 660 110 5.20 660 120 2.87 660 130 0.71 660 140 -0.88
670 100 6.73 670 110 4.71 670 120 2.63 670 130 0.70 670 140 -0.74
680 100 6.52 680 110 4.55 680 120 2.53 680 130 0.62 680 140 -0.81
690 100 7.24 690 110 5.07 690 120 2.91 690 130 0.78 690 140 -0.81
700 100 8.04 700 110 5.67 700 120 3.20 700 130 0.86 700 140 -0.95
450 105 0.68 450 115 0.47 450 125 0.21 450 135 -0.13 450 145 -0.28
460 105 0.60 460 115 0.35 460 125 0.11 460 135 -0.21 460 145 -0.28
470 105 0.34 470 115 0.19 470 125 -0.02 470 135 -0.20 470 145 -0.35
480 105 0.33 480 115 0.20 480 125 -0.07 480 135 -0.17 480 145 -0.30
490 105 0.27 490 115 0.09 490 125 0.00 490 135 -0.24 490 145 -0.37
500 105 0.23 500 115 0.00 500 125 0.01 500 135 -0.27 500 145 -0.35
510 105 0.45 510 115 0.22 510 125 0.06 510 135 -0.21 510 145 -0.35
520 105 0.75 520 115 0.41 520 125 0.06 520 135 -0.16 520 145 -0.39
530 105 0.97 530 115 0.62 530 125 0.15 530 135 -0.22 530 145 -0.44
540 105 1.60 540 115 1.01 540 125 0.31 540 135 -0.21 540 145 -0.53
550 105 2.49 550 115 1.61 550 125 0.67 550 135 -0.15 550 145 -0.75
560 105 3.78 560 115 2.39 560 125 1.01 560 135 -0.07 560 145 -0.95
570 105 5.20 570 115 3.34 570 125 1.48 570 135 -0.12 570 145 -1.18
580 105 6.72 580 115 4.29 580 125 1.97 580 135 -0.07 580 145 -1.50
590 105 7.63 590 115 4.90 590 125 2.20 590 135 -0.04 590 145 -1.64
600 105 8.10 600 115 5.19 600 125 2.31 600 135 -0.12 600 145 -1.82
610 105 8.50 610 115 5.45 610 125 2.49 610 135 -0.15 610 145 -1.92
620 105 8.85 620 115 5.65 620 125 2.53 620 135 -0.05 620 145 -1.93
630 105 8.89 630 115 5.76 630 125 2.60 630 135 -0.03 630 145 -1.96
640 105 8.26 640 115 5.22 640 125 2.33 640 135 -0.10 640 145 -1.86
650 105 7.15 650 115 4.56 650 125 2.09 650 135 -0.16 650 145 -1.69
660 105 6.36 660 115 4.01 660 125 1.75 660 135 -0.15 660 145 -1.49
670 105 5.74 670 115 3.65 670 125 1.64 670 135 -0.12 670 145 -1.31
680 105 5.61 680 115 3.57 680 125 1.60 680 135 -0.12 680 145 -1.33
690 105 6.22 690 115 3.94 690 125 1.81 690 135 -0.09 690 145 -1.39
700 105 6.96 700 115 4.43 700 125 2.00 700 135 -0.16 700 145 -1.56
5-7/28
A % Transmittance Data
Pigment "A"
WL Pol A%T WL Pol A%T WL Pol A%T WL Pol A%T WL Pol A%T
450 0 0.00 450 10 -0.56 450 20 -1.05 450 30 -1.84 450 40 -2.57
460 0 0.00 460 10 -0.36 460 20 -0.81 460 30 -1.50 460 40 -2.16
470 0 0.00 470 10 -0.39 470 20 -0.86 470 30 -1.24 470 40 -1.94
480 0 0.00 480 10 -0.33 480 20 -0.67 480 30 -1.02 480 40 -1.42
490 0 0.00 490 10 -0.31 490 20 -0.62 490 30 -1.01 490 40 -1.33
500 0 0.00 500 10 -0.31 500 20 -0.63 500 30 -1.10 500 40 -1.42
510 0 0.00 510 10 -0.33 510 20 -0.95 510 30 -1.56 510 40 -1.91
520 0 0.00 520 10 -0.73 520 20 -1.51 520 30 -2.34 520 40 -2.90
530 0 0.00 530 10 -0.95 530 20 -2.14 530 30 -3.23 530 40 -4.18
540 0 0.00 540 10 -1.38 540 20 -3.06 540 30 -4.71 540 40 -6.16
550 0 0.00 550 10 -2.04 550 20 -4.42 550 30 -6.81 550 40 -8.97
560 0 0.00 560 10 -2.48 560 20 -5.32 560 30 -8.28 560 40 -11.02
570 0 0.00 570 10 -2.71 570 20 -5.91 570 30 -9.25 570 40 -12.28
580 0 0.00 580 10 -2.80 580 20 -6.25 580 30 -9.72 580 40 -13.02
590 0 0.00 590 10 -3.01 590 20 -6.57 590 30 -10.19 590 40 -13.65
600 0 0.00 600 10 -3.09 600 20 -6.69 600 30 -10.37 600 40 -13.89
610 0 0.00 610 10 -3.04 610 20 -6.60 610 30 -10.45 610 40 -13.95
620 0 0.00 620 10 -3.12 620 20 -6.75 620 30 -10.53 620 40 -14.12
630 0 0.00 630 10 -3.06 630 20 -6.64 630 30 -10.37 630 40 -13.81
640 0 0.00 640 10 -2.87 640 20 -6.29 640 30 -9.87 640 40 -13.05
650 0 0.00 650 10 -2.79 650 20 -6.10 650 30 -9.54 650 40 -12.69
660 0 0.00 660 10 -2.76 660 20 -5.95 660 30 -9.23 660 40 -12.26
670 0 0.00 670 10 -2.57 670 20 -5.63 670 30 -8.79 670 40 -11.60
680 0 0.00 680 10 -2.66 680 20 -5.79 680 30 -8.96 680 40 -11.88
690 0 0.00 690 10 -2.84 690 20 -6.16 690 30 -9.59 690 40 -12.70
700 0 0.00 700 10 -2.91 700 20 -6.32 700 30 -9.77 700 40 -12.92
450 5 -0.28 450 15 -0.91 450 25 -1.47 450 35 -2.33 450 45 -3.29
460 5 -0.26 460 15 -0.67 460 25 -1.19 460 35 -1.91 460 45 -2.59
470 5 -0.13 470 15 -0.71 470 25 -1.06 470 35 -1.58 470 45 -2.12
480 5 -0.14 480 15 -0.53 480 25 -0.85 480 35 -1.31 480 45 -1.79
490 5 -0.12 490 15 -0.54 490 25 -0.72 490 35 -1.30 490 45 -1.67
500 5 -0.11 500 15 -0.51 500 25 -0.88 500 35 -1.31 500 45 -1.74
510 5 -0.16 510 15 -0.76 510 25 -1.16 510 35 -1.76 510 45 -2.27
520 5 -0.33 520 15 -1.18 520 25 -1.90 520 35 -2.60 520 45 -3.27
530 5 -0.42 530 15 -1.56 530 25 -2.59 530 35 -3.67 530 45 -4.68
540 5 -0.61 540 15 -2.23 540 25 -3.85 540 35 -5.42 540 45 -6.90
550 5 -0.95 550 15 -3.26 550 25 -5.55 550 35 -7.96 550 45 -9.93
560 5 -1.14 560 15 -3.88 560 25 -6.80 560 35 -9.66 560 45 -12.22
570 5 -1.22 570 15 -4.31 570 25 -7.55 570 35 -10.82 570 45 -13.64
580 5 -1.29 580 15 -4.53 580 25 -8.04 580 35 -11.45 580 45 -14.47
590 5 -1.43 590 15 -4.73 590 25 -8.32 590 35 -12.00 590 45 -15.11
600 5 -1.46 600 15 -4.87 600 25 -8.56 600 35 -12.21 600 45 -15.42
610 5 -1.40 610 15 -4.84 610 25 -8.53 610 35 -12.27 610 45 -15.43
620 5 -1.44 620 15 -4.89 620 25 -8.66 620 35 -12.42 620 45 -15.62
630 5 -1.42 630 15 -4.82 630 25 -8.51 630 35 -12.18 630 45 -15.32
640 5 -1.29 640 15 -4.57 640 25 -8.08 640 35 -11.53 640 45 -14.51
650 5 -1.31 650 15 -4.43 650 25 -7.84 650 35 -11.17 650 45 -14.07
660 5 -1.27 660 15 -4.29 660 25 -7.60 660 35 -10.80 660 45 -13.61
670 5 -1.14 670 15 -4.08 670 25 -7.15 670 35 -10.28 670 45 -12.91
680 5 -1.19 680 15 -4.19 680 25 -7.38 680 35 -10.47 680 45 -13.17
690 5 -1.32 690 15 -4.47 690 25 -7.82 690 35 -11.24 690 45 -14.02
700 5 -1.36 700 15 -4.57 700 25 -8.03 700 35 -11.33 700 45 -14.29
5-9/28
















































































































































































































































































































































































































































































































































































































































































































































































































WL Pol A%T WL Pol A%T WL Pol A%T WL Pol A%T WL Pol A%T
450 100 -4.12 450 110 -3.18 450 120 -2.39 450 130 -1.67 450 140 -1.00
460 100 -3.47 460 110 -2.79 460 120 -2.16 460 130 -1.57 460 140 -1.04
470 100 -2.90 470 110 -2.31 470 120 -1.74 470 130 -1.37 470 140 -0.91
480 100 -2.28 480 110 -1.92 480 120 -1.38 480 130 -1.09 480 140 -0.70
490 100 -2.05 490 110 -1.64 490 120 -1.28 490 130 -0.94 490 140 -0.54
500 100 -1.78 500 110 -1.35 500 120 -0.92 500 130 -0.59 500 140 -0.22
510 100 -1.98 510 110 -1.29 510 120 -0.85 510 130 -0.39 510 140 -0.01
520 100 -2.59 520 110 -1.65 520 120 -0.91 520 130 -0.32 520 140 0.13
530 100 -3.38 530 110 -2.20 530 120 -1.05 530 130 -0.18 530 140 0.47
540 100 -4.86 540 110 -3.06 540 120 -1.50 540 130 -0.13 540 140 0.80
550 100 -7.13 550 110 -4.62 550 120 -2.29 550 130 -0.29 550 140 1.18
560 100 -8.84 560 110 -5.85 560 120 -2.95 560 130 -0.43 560 140 1.38
570 100 -10.07 570 110 -6.68 570 120 -3.39 570 130 -0.58 570 140 1.49
580 100 -10.74 580 110 -7.18 580 120 -3.73 580 130 -0.71 580 140 1.52
590 100 -11.33 590 110 -7.57 590 120 -3.98 590 130 -0.85 590 140 1.49
600 100 -11.53 600 110 -7.81 600 120 -4.06 600 130 -0.81 600 140 1.54
610 100 -11.56 610 110 -7.75 610 120 -4.01 610 130 -0.79 610 140 1.66
620 100 -11.60 620 110 -7.79 620 120 -4.01 620 130 -0.80 620 140 1.60
630 100 -11.21 630 110 -7.47 630 120 -3.78 630 130 -0.59 630 140 1.76
640 100 -10.37 640 110 -6.89 640 120 -3.38 640 130 -0.37 640 140 ..79
650 100 -9.90 650 110 -6.40 650 120 -3.06 650 130 -0.27 650 140 1.75
660 100 -9.40 660 110 -6.04 660 120 -2.80 660 130 -0.10 660 140 1.87
670 100 -8.84 670 110 -5.62 670 120 -2.50 670 130 0.01 670 140 1.92
680 100 -8.97 680 110 -5.67 680 120 -2.58 680 130 0.05 680 140 1.92
690 100 -9.51 690 110 -6.03 690 120 -2.70 690 130 0.05 690 140 2.05
700 100 -9.43 700 110 -5.86 700 120 -2.50 700 130 0.26 700 140 2.27
450 105 -3.36 450 115 -2.77 450 125 -1.79 450 135 -1.20 450 145 -0.61
460 105 -3.02 460 115 -2.48 460 125 -1.69 460 135 -1.13 460 145 -0.62
470 105 -2.42 470 115 -2.06 470 125 -1.35 470 135 -0.95 470 145 -0.64
480 105 -1.95 480 115 -1.68 480 125 -1.14 480 135 -0.80 480 145 -0.38
490 105 -1.80 490 115 -1.46 490 125 -0.97 490 135 -0.60 490 145 -0.31
500 105 -1.41 500 115 -1.12 500 125 -0.66 500 135 -0.35 500 145 -0.02
510 105 -1.57 510 115 -1.08 510 125 -0.40 510 135 -0.09 510 145 0.11
520 105 -2.01 520 115 -1.27 520 125 -0.48 520 135 0.01 520 145 0.46
530 105 -2.72 530 115 -1.60 530 125 -0.50 530 135 0.26 530 145 0.79
540 105 -3.85 540 115 -2.32 540 125 -0.66 540 135 0.45 540 145 1.19
550 105 -5.86 550 115 -3.50 550 125 -1.16 550 135 0.56 550 145 1.71
560 105 -7.26 560 115 -4.34 560 125 -1.51 560 135 0.62 560 145 2.06
570 105 -8.31 570 115 -5.01 570 125 -1.88 570 135 0.61 570 145 2.20
580 105 -8.93 580 115 -5.40 580 125 -2.11 580 135 0.59 580 145 2.30
590 105 -9.48 590 115 -5.76 590 125 -2.24 590 135 0.52 590 145 2.31
600 105 -9.67 600 115 -5.87 600 125 -2.37 600 135 0.53 600 145 2.46
610 105 -9.65 610 115 -5.87 610 125 -2.28 610 135 0.56 610 145 2.50
620 105 -9.64 620 115 -5.87 620 125 -2.24 620 135 0.59 620 145 2.51
630 105 -9.27 630 115 -5.57 630 125 -2.07 630 135 0.74 630 145 2.59
640 105 -8.59 640 115 -5.06 640 125 -1.76 640 135 0.88 640 145 2.55
650 105 -8.14 650 115 -4.77 650 125 -1.55 650 135 0.90 650 145 2.48
660 105 -7.70 660 115 -4.37 660 125 -1.36 660 135 1.01 660 145 2.58
670 105 -7.19 670 115 -3.99 670 125 -1.07 670 135 1.14 670 145 2.57
680 105 -7.33 680 115 -4.06 680 125 -1.08 680 135 1.19 680 145 2.55
690 105 -7.67 690 115 -4.31 690 125 -1.14 690 135 1.19 690 145 2.73
700 105 -7.59 700 115 -4.14 700 125 -0.95 700 135 1.45 700 145 3.00
5-11/28
WL Pol A%T WL Pol A%T WL Pol A%T WL Pol A%T
450 150 -0.29 450 160 0.09 450 170 -0.04 450 180 -0.07
460 150 -0.43 460 160 -0.09 460 170 -0.13 460 180 -0.17
470 150 -0.51 470 160 -0.13 470 170 -0.19 470 180 -0.20
480 150 -0.40 480 160 -0.07 480 170 0.04 480 180 -0.17
490 150 -0.27 490 160 0.04 490 170 -0.07 490 180 -0.14
500 150 -0.04 500 160 0.20 500 170 0.06 500 180 -0.07
510 150 0.27 510 160 0.38 510 170 0.17 510 180 -0.02
520 150 0.44 520 160 0.45 520 170 0.30 520 180 -0.12
530 150 0.86 530 160 0.93 530 170 0.44 530 180 -0.10
540 150 1.35 540 160 1.49 540 170 0.88 540 180 -0.05
550 150 1.94 550 160 2.03 550 170 1.27 550 180 -0.16
560 150 2.44 560 160 2.53 560 170 1.62 560 180 -0.08
570 150 2.67 570 160 2.80 570 170 1.85 570 180 -0.03
580 150 2.77 580 160 2.95 580 170 1.96 580 180 -0.04
590 150 2.83 590 160 3.02 590 170 1.98 590 180 -0.10
600 150 2.88 600 160 3.13 600 170 2.03 600 180 -0.08
610 150 3.04 610 160 3.18 610 170 2.15 610 180 0.03
620 150 2.98 620 160 3.16 620 170 2.09 620 180 -0.07
630 150 3.08 630 160 3.23 630 170 2.11 630 180 -0.05
640 150 2.99 640 160 3.04 640 170 1.99 640 180 -0.06
650 150 2.91 650 160 2.93 650 170 1.87 650 180 -0.07
660 150 2.90 660 160 2.94 660 170 1.89 660 180 -0.11
670 150 2.85 670 160 2.87 670 170 1.88 670 180 -0.02
680 150 2.85 680 160 2.92 680 170 1.88 680 180 -0.01
690 150 3.12 690 160 3.06 690 170 1.97 690 180 -0.03
700 150 3.27 700 160 3.25 700 170 2.02 700 180 -0.07
450 155 -0.18 450 165 0.36 450 175 -0.09
460 155 -0.28 460 165 0.08 460 175 -0.02
470 155 -0.28 470 165 0.00 470 175 -0.04
480 155 -0.21 480 165 0.14 480 175 0.06
490 155 -0.15 490 165 0.11 490 175 0.03
500 155 0.11 500 165 0.19 500 175 0.05
510 155 0.27 510 165 0.41 510 175 0.17
520 155 0.56 520 165 0.50 520 175 0.14
530 155 0.86 530 165 0.85 530 175 0.27
540 155 1.44 540 165 1.32 540 175 0.55
550 155 2.03 550 165 1.81 550 175 0.69
560 155 2.57 560 165 2.26 560 175 0.91
570 155 2.88 570 165 2.53 570 175 1.03
580 155 3.01 580 165 2.60 580 175 1.10
590 155 3.08 590 165 2.69 590 175 1.08
600 155 3.11 600 165 2.80 600 175 1.20
610 155 3.23 610 165 2.89 610 175 1.20
620 155 3.21 620 165 2.77 620 175 1.14
630 155 3.26 630 165 2.83 630 175 1.20
640 155 3.18 640 165 2.76 640 175 1.18
650 155 3.03 650 165 2.60 650 175 1.05
660 155 2.96 660 165 2.57 660 175 1.09
670 155 3.00 670 165 2.55 670 175 1.06
680 155 3.02 680 165 2.49 680 175 1.09
690 155 3.21 690 165 2.70 690 175 1.14
700 155 3.35 700 165 2.79 700 175 1.15
5-12/28
A % Transmittance Data
Pigment "B"
WL Pol A%T WL Pol A%T WL Pol A%T WL Pol A%T WL Pol A%T
450 0 0.00 450 10 0.05 450 20 -0.01 450 30 0.00 450 40 0.14
460 0 0.00 460 10 0.08 460 20 -0.04 460 30 -0.02 460 40 0.00
470 0 0.00 470 10 -0.06 470 20 -0.12 470 30 0.04 470 40 -0.06
480 0 0.00 480 10 -0.07 480 20 -0.04 480 30 -0.13 480 40 0.04
490 0 0.00 490 10 -0.06 490 20 -0.12 490 30 -0.07 490 40 -0.05
500 0 0.00 500 10 -0.04 500 20 -0.10 500 30 -0.12 500 40 0.00
510 0 0.00 510 10 -0.01 510 20 -0.09 510 30 -0.18 510 40 -0.03
520 0 0.00 520 10 -0.07 520 20 -0.14 520 30 -0.20 520 40 -0.04
530 0 0.00 530 10 0.04 530 20 0.00 530 30 0.05 530 40 0.20
540 0 0.00 540 10 0.13 540 20 0.15 540 30 0.29 540 40 0.48
550 0 0.00 550 10 0.14 550 20 0.36 550 30 0.63 550 40 0.92
560 0 0.00 560 10 0.30 560 20 0.61 560 30 0.98 560 40 1.39
570 0 0.00 570 10 0.34 570 20 0.69 570 30 1.16 570 40 1.64
580 0 0.00 580 10 0.31 580 20 0.63 580 30 1.04 580 40 1.45
590 0 0.00 590 10 0.24 590 20 0.55 590 30 0.85 590 40 1.14
600 0 0.00 600 10 0.12 600 20 0.37 600 30 0.54 600 40 0.79
610 0 0.00 610 10 0.09 610 20 0.24 610 30 0.41 610 40 0.59
620 0 0.00 620 10 0.04 620 20 0.09 620 30 0.13 620 40 0.20
630 0 0.00 630 10 -0.03 630 20 -0.07 630 30 -0.05 630 40 -0.05
640 0 0.00 640 10 -0.06 640 20 -0.12 640 30 -0.25 640 40 -0.26
650 0 0.00 650 10 -0.14 650 20 -0.26 650 30 -0.38 650 40 -0.47
660 0 0.00 660 10 -0.09 660 20 -0.19 660 30 -0.34 660 40 -0.41
670 0 0.00 670 10 -0.08 670 20 -0.16 670 30 -0.22 670 40 -0.30
680 0 0.00 680 10 -0.10 680 20 -0.24 680 30 -0.26 680 40 -0.33
690 0 0.00 690 10 -0.12 690 20 -0.16 690 30 -0.29 690 40 -0.40
700 0 0.00 700 10 -0.10 700 20 -0.21 700 30 -0.28 700 40 -0.41
450 5 0.10 450 15 0.01 450 25 0.25 450 35 0.00 450 45 0.16
460 5 0.08 460 15 -0.08 460 25 -0.09 460 35 -0.03 460 45 0.01
470 5 0.08 470 15 -0.05 470 25 -0.01 470 35 -0.11 470 45 -0.08
480 5 -0.01 480 15 -0.03 480 25 -0.01 480 35 -0.08 480 45 -0.04
490 5 0.02 490 15 -0.13 490 25 0.01 490 35 -0.14 490 45 -0.06
500 5 0.06 500 15 0.00 500 25 -0.03 500 35 -0.06 500 45 -0.08
510 5 0.11 510 15 -0.04 510 25 -0.03 510 35 -0.17 510 45 -0.09
520 5 0.00 520 15 -0.09 520 25 -0.06 520 35 -0.09 520 45 0.00
530 5 0.10 530 15 0.03 530 25 0.18 530 35 0.12 530 45 0.14
540 5 0.18 540 15 0.15 540 25 0.32 540 35 0.42 540 45 0.49
550 5 0.11 550 15 0.28 550 25 0.56 550 35 0.76 550 45 1.05
560 5 0.16 560 15 0.49 560 25 0.86 560 35 1.26 560 45 1.52
570 5 0.21 570 15 0.58 570 25 1.02 570 35 1.38 570 45 1.76
580 5 0.16 580 15 0.51 580 25 0.90 580 35 1.27 580 45 1.59
590 5 0.14 590 15 0.39 590 25 0.71 590 35 1.01 590 45 1.23
600 5 0.03 600 15 0.25 600 25 0.45 600 35 0.66 600 45 0.82
610 5 0.09 610 15 0.20 610 25 0.35 610 35 0.48 610 45 0.61
620 5 0.02 620 15 0.07 620 25 0.10 620 35 0.18 620 45 0.19
630 5 -0.01 630 15 -0.04 630 25 -0.01 630 35 -0.05 630 45 -0.11
640 5 -0.03 640 15 -0.12 640 25 -0.16 640 35 -0.29 640 45 -0.31
650 5 -0.05 650 15 -0.20 650 25 -0.31 650 35 -0.46 650 45 -0.55
660 5 -0.03 660 15 -0.12 660 25 -0.22 660 35 -0.38 660 45 -0.45
670 5 0.01 670 15 -0.08 670 25 -0.11 670 35 -0.27 670 45 -0.34
680 5 -0.04 680 15 -0.19 680 25 -0.18 680 35 -0.26 680 45 -0.36
690 5 -0.04 690 15 -0.13 690 25 -0.25 690 35 -0.43 690 45 -0.48
700 5 -0.01 700 15 -0.15 700 25 -0.22 700 35 -0.35 700 45 -0.49
5-13/28
WL Pol A%T WL Pol A%T WL Pol A%T WL Pol A%T WL Pol A%T
450 50 0.08 450 60 0.09 450 70 0.07 450 80 0.02 450 90 0.15
460 50 0.08 460 60 0.05 460 70 0.08 460 80 0.03 460 90 0.18
470 50 0.04 470 60 0.16 470 70 0.06 470 80 0.13 470 90 -0.02
480 50 -0.01 480 60 -0.01 480 70 0.06 480 80 0.09 480 90 0.04
490 50 -0.08 490 60 -0.01 490 70 -0.02 490 80 -0.01 490 90 -0.01
500 50 -0.04 500 60 -0.04 500 70 -0.02 500 80 0.01 500 90 0.01
510 50 -0.15 510 60 -0.18 510 70 -0.10 510 80 -0.04 510 90 -0.09
520 50 -0.08 520 60 -0.11 520 70 -0.07 520 80 -0.05 520 90 -0.05
530 50 0.09 530 60 0.16 530 70 0.19 530 80 0.16 530 90 0.10
540 50 0.57 540 60 0.57 540 70 0.57 540 80 0.54 540 90 0.39
550 50 1.05 550 60 1.07 550 70 1.12 550 80 1.03 550 90 0.84
560 50 1.65 560 60 1.75 560 70 1.71 560 80 1.67 560 90 1.38
570 50 1.88 570 60 2.01 570 70 2.00 570 80 1.90 570 90 1.55
580 50 1.70 580 60 1.84 580 70 1.80 580 80 1.67 580 90 1.40
590 50 1.34 590 60 1.43 590 70 1.44 590 80 1.29 590 90 1.14
600 50 0.93 600 60 0.96 600 70 1.02 600 80 0.90 600 90 0.75
610 50 0.64 610 60 0.67 610 70 0.63 610 80 0.63 610 90 0.48
620 50 0.26 620 60 0.25 620 70 0.22 620 80 0.18 620 90 0.10
630 50 -0.10 630 60 -0.08 630 70 -0.13 63U 80 -0.20 630 90 -0.18
640 50 -0.33 640 60 -0.43 640 70 -0.47 640 80 -0.45 640 90 -0.43
650 50 -0.63 650 60 -0.68 650 70 -0.68 650 80 -0.65 650 90 -0.59
660 50 -0.46 660 60 -0.62 660 70 -0.62 660 80 -0.61 660 90 -0.55
670 50 -0.35 670 60 -0.41 670 70 -0.44 670 80 -0.47 670 90 -0.43
680 50 -0.43 680 60 -0.46 680 70 -0.49 680 80 -0.55 680 90 -0.47
690 50 -0.51 690 60 -0.59 690 70 -0.64 690 80 -0.62 690 90 -0.56
700 50 -0.56 700 60 -0.67 700 70 -0.65 700 80 -0.66 700 90 -0.59
450 55 0.15 450 65 -0.14 450 75 0.05 450 85 0.23 450 95 -0.08
460 55 0.05 460 65 -0.17 460 75 0.03 460 85 0.12 460 95 0.13
470 55 0.08 470 65 -0.20 470 75 0.04 470 85 0.21 470 95 0.16
480 55 -0.03 480 65 -0.07 480 75 -0.01 480 85 0.17 480 95 0.07
490 55 -0.03 490 65 -0.18 490 75 -0.01 490 85 0.00 490 95 0.01
500 55 0.04 500 65 -0.12 500 75 0.10 500 85 0.05 500 95 0.13
510 55 -0.11 510 65 -0.21 510 75 -0.11 510 85 0.00 510 95 -0.02
520 55 -0.05 520 65 -0.13 520 75 -0.07 520 85 -0.02 520 95 -0.07
530 55 0.27 530 65 0.08 530 75 0.19 530 85 0.23 530 95 0.16
540 55 0.61 540 65 0.50 540 75 0.51 540 85 0.58 540 95 0.43
550 55 1.18 550 65 1.03 550 75 1.09 550 85 1.00 550 95 0.84
560 55 1.74 560 65 1.74 560 75 1.71 560 85 1.57 560 95 1.24
570 55 1.98 570 65 1.96 570 75 1.92 570 85 1.74 570 95 1.39
580 55 1.79 580 65 1.80 580 75 1.80 580 85 1.59 580 95 1.24
590 55 1.44 590 65 1.43 590 75 1.42 590 85 1.27 590 95 1.00
600 55 0.96 600 65 0.95 600 75 0.93 600 85 0.89 600 95 0.67
610 55 0.68 610 65 0.64 610 75 0.64 610 85 0.54 610 95 0.44
620 55 0.25 620 65 0.21 620 75 0.21 620 85 0.13 620 95 0.08
630 55 -0.09 630 65 -0.18 630 75 -0.14 630 85 -0.16 630 95 -0.20
640 55 -0.42 640 65 -0.44 640 75 -0.45 640 85 -0.44 640 95 -0.37
650 55 -0.61 650 65 -0.68 650 75 -0.68 650 85 -0.63 650 95 -0.58
660 55 -0.52 660 65 -0.60 660 75 -0.60 660 85 -0.58 660 95 -0.48
670 55 -0.34 670 65 -0.43 670 75 -0.48 670 85 -0.37 670 95 -0.34
680 55 -0.47 680 65 -0.54 680 75 -0.45 680 85 -0.48 680 95 -0.48
690 55 -0.56 690 65 -0.64 690 75 -0.64 690 85 -0.56 690 95 -0.51
700 55 -0.52 700 65 -0.69 700 75 -0.67 700 85 -0.64 700 95 -0.52
5-14/28





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































A % Transmittance Data
Blue Formulation #1
WL Pol A%T WL Pol A%T WL Pol A%T WL Pol A%T WL Pol A%T
450 0 0.00 450 10 0.04 450 20 -1.10 450 30 0.10 450 40 1.23
460 0 0.00 460 10 0.34 460 20 -0.67 460 30 0.56 460 40 1.76
470 0 0.00 470 10 -0.04 470 20 -0.41 470 30 0.47 470 40 1.55
480 0 0.00 480 10 0.01 480 20 -0.69 480 30 0.30 480 40 1.28
490 0 0.00 490 10 0.17 490 20 -0.43 490 30 0.16 490 40 1.15
500 0 0.00 500 10 0.14 500 20 -0.29 500 30 0.35 500 40 1.14
510 0 0.00 510 10 0.23 510 20 -0.30 510 30 0.56 510 40 1.00
520 0 0.00 520 10 0.19 520 20 -0.32 520 30 0.53 520 40 0.96
530 0 0.00 530 10 0.38 530 20 -0.07 530 30 0.53 530 40 1.17
540 0 0.00 540 10 0.31 540 20 0.06 540 30 0.84 540 40 1.71
550 0 0.00 550 10 0.26 550 20 0.19 550 30 1.20 550 40 2.04
560 0 0.00 560 10 0.39 560 20 0.62 560 30 1.63 560 40 2.83
570 0 0.00 570 10 0.53 570 20 0.84 570 30 2.15 570 40 3.70
580 0 0.00 580 10 0.63 580 20 1.13 580 30 2.75 580 40 4.64
590 0 0.00 590 10 0.62 590 20 1.24 590 30 2.93 590 40 4.95
600 0 0.00 600 10 0.53 600 20 1.17 600 30 2.84 600 40 4.87
610 0 0.00 610 10 0.56 610 20 1.13 610 30 2.87 610 40 4.73
620 0 0.00 620 10 0.56 620 20 1.12 620 30 2.69 620 40 4.72
630 0 0.00 630 10 0.57 630 20 0.99 630 30 2.43 630 40 4.15
640 0 0.00 640 10 0.56 640 20 1.04 640 30 2.46 640 40 4.19
650 0 0.00 650 10 0.53 650 20 0.84 650 30 1.93 650 40 3.43
660 0 0.00 660 10 0.40 660 20 0.55 660 30 1.62 660 40 2.83
670 0 0.00 670 10 0.35 670 20 0.45 670 30 1.47 670 40 2.73
680 0 0.00 680 10 0.30 680 20 0.41 680 30 1.49 680 40 2.79
690 0 0.00 690 10 0.29 690 20 0.43 690 30 1.60 690 40 2.94
700 0 0.00 700 10 0.30 700 20 0.62 700 30 1.63 700 40 3.15
450 5 0.24 450 15 -0.41 450 25 -1.05 450 35 0.33 450 45 1.66
460 5 0.46 460 15 -0.12 460 25 -0.35 460 35 1.24 460 45 2.18
470 5 0.28 470 15 -0.19 470 25 0.02 470 35 1.09 470 45 1.82
480 5 0.31 480 15 -0.43 480 25 -0.26 480 35 0.62 480 45 1.60
490 5 0.18 490 15 -0.44 490 25 -0.23 490 35 0.64 490 45 1.52
500 5 0.27 500 15 -0.11 500 25 -0.18 500 35 0.59 500 45 1.32
510 5 0.37 510 15 0.04 510 25 -0.01 510 35 0.75 510 45 1.28
520 5 0.21 520 15 0.00 520 25 -0.05 520 35 0.70 520 45 1.16
530 5 0.37 530 15 0.13 530 25 0.13 530 35 0.87 530 45 1.40
540 5 0.21 540 15 0.07 540 25 0.29 540 35 1.25 540 45 1.98
550 5 0.19 550 15 0.08 550 25 0.52 550 35 1.56 550 45 2.52
560 5 0.33 560 15 0.43 560 25 0.98 560 35 2.27 560 45 3.38
570 5 0.27 570 15 0.58 570 25 1.35 570 35 2.99 570 45 4.45
580 5 0.40 580 15 0.86 580 25 1.88 580 35 3.74 580 45 5.48
590 5 0.36 590 15 0.82 590 25 1.96 590 35 3.89 590 45 5.88
600 5 0.38 600 15 0.85 600 25 1.82 600 35 3.89 600 45 5.78
610 5 0.32 610 15 0.79 610 25 1.92 610 35 3.83 610 45 5.61
620 5 0.27 620 15 0.76 620 25 1.83 620 35 3.73 620 45 5.58
630 5 0.16 630 15 0.63 630 25 1.51 630 35 3.35 630 45 4.98
640 5 0.31 640 15 0.73 640 25 1.56 640 35 3.30 640 45 4.94
650 5 0.25 650 15 0.58 650 25 1.21 650 35 2.71 650 45 4.12
660 5 0.21 660 15 0.42 660 25 0.99 660 35 2.24 660 45 3.53
670 5 0.20 670 15 0.36 670 25 0.82 670 35 2.22 670 45 3.26
680 5 0.06 680 15 0.27 680 25 0.83 680 35 2.22 680 45 3.34
690 5 0.10 690 15 0.26 690 25 0.77 690 35 2.27 690 45 3.63
700 5 0.18 700 15 0.37 700 25 0.99 700 35 2.40 700 45 3.94
5-17/28
WL Pol A%T WL Pol A%T WL Pol A%T WL Pol A%T WL Pol A%T
450 50 2.08 450 60 3.09 450 70 4.28 450 80 5.26 450 90 6.29
460 50 3.12 460 60 3.75 460 70 4.74 460 80 5.77 460 90 6.60
470 50 2.76 470 60 3.26 470 70 4.15 470 80 4.53 470 90 5.26
480 50 1.93 480 60 2.54 480 70 3.10 480 80 3.74 480 90 4.43
490 50 1.92 490 60 2.46 490 70 2.84 490 80 3.16 490 90 3.65
500 50 1.64 500 60 2.00 500 70 2.41 500 80 2.70 500 90 2.83
510 50 1.72 510 60 2.03 510 70 2.22 510 80 2.45 510 90 2.62
520 50 1.41 520 60 1.82 520 70 2.02 520 80 2.25 520 90 2.40
530 50 1.85 530 60 2.06 530 70 2.24 530 80 2.49 530 90 2.59
540 50 2.34 540 60 2.75 540 70 3.09 540 80 3.32 540 90 3.49
550 50 2.98 550 60 3.52 550 70 3.82 550 80 4.25 550 90 4.36
560 50 3.91 560 60 4.64 560 70 5.18 560 80 5.52 560 90 5.73
570 50 5.11 570 60 6.15 570 70 6.91 570 80 7.56 570 90 7.79
580 50 6.31 580 60 7.58 580 70 8.80 580 80 9.49 580 90 9.81
590 50 6.74 590 60 8.31 590 70 9.49 590 80 10.32 590 90 10.85
600 50 6.71 600 60 8.14 600 70 9.36 600 80 10.19 600 90 10.52
610 50 6.51 610 60 8.03 610 70 9.25 610 80 9.98 610 90 10.42
620 50 6.41 620 60 7.82 620 70 9.06 620 80 9.87 620 90 10.27
630 50 5.84 630 60 7.21 630 70 8.21 630 80 9.03 630 90 9.51
640 50 5.74 640 60 6.90 640 70 7.95 640 80 8.64 640 90 8.98
650 50 4.73 650 60 5.70 650 70 6.56 650 80 7.15 650 90 7.55
660 50 3.99 660 60 4.97 660 70 5.61 660 80 6.34 660 90 6.73
670 50 3.92 670 60 4.94 670 70 5.90 670 80 6.51 670 90 7.04
680 50 4.14 680 60 5.13 680 70 6.11 680 80 6.89 680 90 7.48
690 50 4.34 690 60 5.59 690 70 6.58 690 80 7.50 690 90 8.07
700 50 4.62 700 60 5.87 700 70 7.10 700 80 7.93 700 90 8.55
450 55 2.66 450 65 3.37 450 75 4.68 450 85 5.56 450 95 6.63
460 55 3.47 460 65 4.23 460 75 5.03 460 85 6.09 460 95 7.64
470 55 2.89 470 65 3.16 470 75 4.31 470 85 4.86 470 95 5.74
480 55 2.30 480 65 2.76 480 75 3.60 480 85 3.96 480 95 4.79
490 55 2.23 490 65 2.27 490 75 3.12 490 85 3.36 490 95 3.91
500 55 1.92 500 65 1.97 500 75 2.68 500 85 2.83 500 95 3.46
510 55 1.91 510 65 2.01 510 75 2.35 510 85 2.55 510 95 3.10
520 55 1.65 520 65 1.70 520 75 2.19 520 85 2.23 520 95 2.74
530 55 2.06 530 65 1.98 530 75 2.36 530 85 2.44 530 95 2.97
540 55 2.63 540 65 2.70 540 75 3.18 540 85 3.32 540 95 3.69
550 55 3.28 550 65 3.54 550 75 4.08 550 85 4.21 550 95 4.65
560 55 4.39 560 65 4.78 560 75 5.44 560 85 5.56 560 95 6.07
570 55 5.76 570 65 6.51 570 75 7.37 570 85 7.55 570 95 8.10
580 55 7.06 580 65 8.09 580 75 9.21 580 85 9.58 580 95 10.01
590 55 7.64 590 65 8.80 590 75 10.07 590 85 10.50 590 95 10.96
600 55 7.43 600 65 8.73 600 75 9.90 600 85 10.34 600 95 10.81
610 55 7.38 610 65 8.58 610 75 9.55 610 85 10.30 610 95 10.56
620 55 7.27 620 65 8.33 620 75 9.57 620 85 10.04 620 95 10.47
630 55 6.55 630 65 7.64 630 75 8.73 630 85 9.30 630 95 9.70
640 55 6.30 640 65 7.42 640 75 8.35 640 85 8.81 640 95 9.33
650 55 5.31 650 65 6.04 650 75 6.93 650 85 7.37 650 95 7.75
660 55 4.51 660 65 5.31 660 75 6.11 660 85 6.51 660 95 7.13
670 55 4.56 670 65 5.29 670 75 6.22 670 85 6.75 670 95 7.28
680 55 4.66 680 65 5.58 680 75 6.53 680 85 7.08 680 95 7.89
690 55 4.97 690 65 6.05 690 75 7.09 690 85 7.67 690 95 8.50
700 55 5.34 700 65 6.53 700 75 7.67 700 85 8.29 700 95 8.98
5-18/28


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































A % Transmittance Data
Blue Formulation #2
WL Pol A%T WL Pol A%T WL Pot A%T WL Pol A%T WL Pol A%T
450 0 0.00 450 10 0.08 450 20 -0.99 450 30 0.22 450 40 1.47
460 0 0.00 460 10 0.24 460 20 -0.66 460 30 0.42 460 40 1.87
470 0 0.00 470 10 -0.01 470 20 -0.41 470 30 0.43 470 40 1.60
480 0 0.00 480 10 0.05 480 20 -0.56 480 30 0.26 480 40 1.43
490 0 0.00 490 10 0.00 490 20 -0.50 490 30 0.11 490 40 1.12
500 0 0.00 500 10 0.13 500 20 -0.27 500 30 0.48 500 40 1.07
510 0 0.00 510 10 0.12 510 20 -0.40 510 30 0.48 510 40 1.03
520 0 0.00 520 10 0.14 520 20 -0.27 520 30 0.54 520 40 1.04
530 0 0.00 530 10 0.37 530 20 -0.15 530 30 0.53 530 40 1.34
540 0 0.00 540 10 0.41 540 20 0.13 540 30 1.04 540 40 2.04
550 0 0.00 550 10 0.37 550 20 0.37 550 30 1.43 550 40 2.56
560 0 0.00 560 10 0.37 560 20 0.67 560 30 1.92 560 40 3.39
570 0 0.00 570 10 0.53 570 20 0.95 570 30 2.50 570 40 4.50
580 0 0.00 580 10 0.66 580 20 1.32 580 30 3.28 580 40 5.70
590 0 0.00 590 10 0.61 590 20 1.51 590 30 3.72 590 40 6.44
600 0 0.00 600 10 0.58 600 20 1.48 600 30 3.87 600 40 6.80
610 0 0.00 610 10 0.79 610 20 1.71 610 30 4.23 610 40 7.17
620 0 0.00 620 10 0.61 620 20 1.77 620 30 4.23 620 40 7.43
630 0 0.00 630 10 0.63 630 20 1.76 630 30 4.14 630 40 7.21
640 0 0.00 640 10 0.75 640 20 1.88 640 30 4.26 640 40 7.31
650 0 0.00 650 10 0.72 650 20 1.67 650 30 3.82 650 40 6.51
660 0 0.00 660 10 0.60 660 20 1.25 660 30 3.26 660 40 5.58
670 0 0.00 670 10 0.58 670 20 1.10 670 30 2.97 670 40 5.07
680 0 0.00 680 10 0.45 680 20 0.97 680 30 2.73 680 40 4.87
690 0 0.00 690 10 0.44 690 20 1.00 690 30 2.92 690 40 5.24
700 0 0.00 700 10 0.52 700 20 1.33 700 30 3.22 700 40 5.79
450 5 0.57 450 15 -0.47 450 25 -0.85 450 35 0.77 450 45 2.06
460 5 0.42 460 15 -0.12 460 25 -0.53 460 35 1.22 460 45 2.51
470 5 0.17 470 15 -0.22 470 25 0.01 470 35 1.04 470 45 1.72
480 5 0.37 480 15 -0.38 480 25 -0.26 480 35 0.73 480 45 1.63
490 5 0.14 490 15 -0.43 490 25 -0.23 490 35 0.69 490 45 1.45
500 5 0.25 500 15 -0.19 500 25 -0.20 500 35 0.64 500 45 1.40
510 5 0.35 510 15 0.03 510 25 -0.03 510 35 0.69 510 45 1.35
520 5 0.28 520 15 0.00 520 25 0.06 520 35 0.80 520 45 1.34
530 5 0.34 530 15 0.16 530 25 0.14 530 35 1.12 530 45 1.65
540 5 0.30 540 15 0.23 540 25 0.42 540 35 1.46 540 45 2.49
550 5 0.28 550 15 0.18 550 25 0.73 550 35 1.92 550 45 3.12
560 5 0.36 560 15 0.45 560 25 1.12 560 35 2.67 560 45 4.10
570 5 0.27 570 15 0.56 570 25 1.61 570 35 3.63 570 45 5.46
580 5 0.39 580 15 0.89 580 25 2.17 580 35 4.52 580 45 6.90
590 5 0.29 590 15 0.90 590 25 2.44 590 35 5.10 590 45 7.80
600 5 0.29 600 15 0.98 600 25 2.42 600 35 5.30 600 45 8.17
610 5 0.34 610 15 1.07 610 25 2.80 610 35 5.75 610 45 8.61
620 5 0.22 620 15 1.12 620 25 2.89 620 35 5.87 620 45 8.89
630 5 0.24 630 15 1.07 630 25 2.75 630 35 5.71 630 45 8.71
640 5 0.34 640 15 1.18 640 25 2.85 640 35 5.79 640 45 8.78
650 5 0.38 650 15 1.08 650 25 2.54 650 35 5.18 650 45 7.85
660 5 0.29 660 15 0.79 660 25 2.07 660 35 4.44 660 45 6.80
670 5 0.22 670 15 0.75 670 25 1.81 670 35 4.03 670 45 6.13
680 5 0.08 680 15 0.62 680 25 1.68 680 35 3.81 680 45 5.97
690 5 0.20 690 15 0.64 690 25 1.66 690 35 4.01 690 45 6.36
700 5 0.32 700 15 0.75 700 25 2.07 700 35 4.46 700 45 7.08
5-21/28
WL Pol A%T WL Pol A%T WL Pol A%T WL Pol A%T WL Pol A%T
450 50 2.59 450 60 3.69 450 70 5.03 450 80 6.29 450 90 6.92
460 50 3.35 460 60 4.04 460 70 5.18 460 80 6.30 460 90 7.25
470 50 2.69 470 60 3.57 470 70 4.31 470 80 4.94 470 90 5.61
480 50 2.02 480 60 2.83 480 70 3.48 480 80 4.02 480 90 4.40
490 50 1.86 490 60 2.61 490 70 2.90 490 80 3.42 490 90 3.70
500 50 1.82 500 60 2.20 500 70 2.55 500 80 2.94 500 90 3.04
510 50 1.79 510 60 2.20 510 70 2.41 510 80 2.72 510 90 2.82
520 50 1.68 520 60 2.17 520 70 2.28 520 80 2.62 520 90 2.70
530 50 2.16 530 60 2.46 530 70 2.67 530 80 3.02 530 90 3.14
540 50 2.92 540 60 3.57 540 70 4.06 540 80 4.36 540 90 4.49
550 50 3.80 550 60 4.62 550 70 5.19 550 80 5.64 550 90 5.87
560 50 4.96 560 60 6.03 560 70 6.84 560 80 7.46 560 90 7.76
570 50 6.41 570 60 7.98 570 70 9.16 570 80 10.05 570 90 10.51
580 50 8.02 580 60 10.06 580 70 11.72 580 80 12.85 580 90 13.43
590 50 9.06 590 60 11.45 590 70 13.38 590 80 14.76 590 90 15.55
600 50 9.57 600 60 12.07 600 70 14.12 600 80 15.60 600 90 16.15
610 50 10.18 610 60 12.75 610 70 14.91 610 80 16.46 610 90 17.18
620 50 10.45 620 60 13.22 620 70 15.45 620 80 17.07 620 90 17.74
630 50 10.33 630 60 13.05 630 70 15.23 630 80 16.87 630 90 17.70
640 50 10.30 640 60 12.91 640 70 15.08 640 80 16.54 640 90 17.24
650 50 9.15 650 60 11.56 650 70 13.42 650 80 14.70 650 90 15.45
660 50 8.04 660 60 9.95 660 70 11.72 660 80 12.98 660 90 13.65
670 50 7.34 670 60 9.34 670 70 11.14 670 80 12.28 670 90 13.00
680 50 7.25 680 60 9.19 680 70 10.87 680 80 12.21 680 90 12.97
690 50 7.74 690 60 9.82 690 70 11.79 690 80 13.20 690 90 13.98
700 50 8.37 700 60 10.84 700 70 13.08 700 80 14.47 700 90 15.34
450 55 3.47 450 65 3.93 450 75 5.64 450 85 6.78 450 95 8.03
460 55 3.80 460 65 4.74 460 75 5.69 460 85 6.49 460 95 8.18
470 55 2.97 470 65 3.28 470 75 4.55 470 85 5.16 470 95 6.07
480 55 2.49 480 65 3.07 480 75 3.85 480 85 4.29 480 95 5.15
490 55 2.31 490 65 2.44 490 75 3.20 490 85 3.47 490 95 4.10
500 55 2.13 500 65 2.22 500 75 2.83 500 85 3.04 500 95 3.60
510 55 2.11 510 65 2.20 510 75 2.58 510 85 2.76 510 95 3.31
520 55 1.99 520 65 2.11 520 75 2.63 520 85 2.58 520 95 3.10
530 55 2.45 530 65 2.44 530 75 2.95 530 85 2.98 530 95 3.50
540 55 3.35 540 65 3.64 540 75 4.20 540 85 4.31 540 95 4.75
550 55 4.29 550 65 4.71 550 75 5.45 550 85 5.70 550 95 6.11
560 55 5.57 560 65 6.30 560 75 7.31 560 85 7.52 560 95 8.04
570 55 7.28 570 65 8.45 570 75 9.77 570 85 10.22 570 95 10.77
580 55 9.11 580 65 10.78 580 75 12.40 580 85 13.08 580 95 13.61
590 55 10.37 590 65 12.31 590 75 14.27 590 85 15.09 590 95 15.61
600 55 10.87 600 65 13.08 600 75 14.94 600 85 15.88 600 95 16.50
610 55 11.58 610 65 13.81 610 75 15.78 610 85 16.91 610 95 17.36
620 55 11.97 620 65 14.16 620 75 16.43 620 85 17.41 620 95 17.96
630 55 11.75 630 65 14.08 630 75 16.25 630 85 17.26 630 95 17.88
640 55 11.60 640 65 13.97 640 75 15.95 640 85 16.82 640 95 17.53
650 55 10.46 650 65 12.36 650 75 14.12 650 85 15.06 650 95 15.53
660 55 9.11 660 65 10.86 660 75 12.44 660 85 13.22 660 95 14.01
670 55 8.47 670 65 10.05 670 75 11.71 670 85 12.54 670 95 13.19
680 55 8.31 680 65 9.96 680 75 11.62 680 85 12.51 680 95 13.37
690 55 8.78 690 65 10.73 690 75 12.56 690 85 13.50 690 95 14.40
700 55 9.74 700 65 11.89 700 75 13.86 700 85 14.90 700 95 15.74
5-22/28
WL Pol A%T WL Pol A%T WL Pol A%T WL Pol A%T WL Pol A%T
450 100 8.04 450 110 6.57 450 120 5.97 450 130 5.68 450 140 4.20
460 100 7.83 460 110 6.79 460 120 5.72 460 130 5.47 460 140 4.49
470 100 6.17 470 110 5.14 470 120 4.50 470 130 4.37 470 140 3.41
480 100 5.12 480 110 4.22 480 120 3.49 480 130 3.41 480 140 2.72
490 100 4.26 490 110 3.51 490 120 2.81 490 130 3.08 490 140 2.32
500 100 3.55 500 110 2.60 500 120 2.29 500 130 2.45 500 140 2.04
510 100 3.29 510 110 2.59 510 120 2.06 510 130 2.39 510 140 2.05
520 100 3.03 520 110 2.54 520 120 1.99 520 130 2.21 520 140 2.01
530 100 3.42 530 110 2.77 530 120 2.29 530 130 2.50 530 140 2.19
540 100 4.78 540 110 3.97 540 120 3.34 540 130 3.22 540 140 2.74
550 100 6.11 550 110 5.21 550 120 4.46 550 130 4.11 550 140 3.28
560 100 7.96 560 110 7.11 560 120 5.92 560 130 5.31 560 140 4.14
570 100 10.66 570 110 9.52 570 120 8.11 570 130 7.05 570 140 5.35
580 100 13.45 580 110 12.31 580 120 10.58 580 130 9.00 580 140 6.79
590 100 15.48 590 110 14.16 590 120 12.03 590 130 10.27 590 140 7.72
600 100 16.38 600 110 14.88 600 120 12.81 600 130 10.85 600 140 8.08
610 100 17.27 610 110 15.60 610 120 13.58 610 130 11.42 610 140 8.53
620 100 17.91 620 110 16.42 620 120 14.17 620 130 11.89 620 140 8.98
630 100 17.83 630 110 16.34 630 120 14.16 630 130 11.94 630 140 8.99
640 100 17.40 640 110 15.89 640 120 13.76 640 130 11.46 640 140 8.70
650 100 15.63 650 110 14.29 650 120 12.45 650 130 10.54 650 140 8.06
660 100 13.95 660 110 12.83 660 120 11.26 660 130 9.72 660 140 7.48
670 100 13.40 670 110 12.42 670 120 10.90 670 130 9.46 670 140 7.39
680 100 13.42 680 110 12.57 680 120 11.05 680 130 9.62 680 140 7.52
690 100 14.45 690 110 13.56 690 120 11.96 690 130 10.34 690 140 8.09
700 100 15.79 700 110 14.92 700 120 13.11 700 130 11.16 700 140 8.59
450 105 7.68 450 115 6.17 450 125 6.24 450 135 5.00 450 145 3.05
460 105 7.62 460 115 6.19 460 125 6.11 460 135 4.94 460 145 3.28
470 105 5.86 470 115 4.45 470 125 4.49 470 135 3.82 470 145 2.64
480 105 4.90 480 115 3.52 480 125 4.22 480 135 3.37 480 145 2.29
490 105 4.18 490 115 2.81 490 125 3.06 490 135 2.71 490 145 2.06
500 105 3.35 500 115 2.22 500 125 2.68 500 135 2.24 500 145 1.75
510 105 3.20 510 115 2.11 510 125 2.35 510 135 2.17 510 145 1.64
520 105 2.98 520 115 1.96 520 125 2.27 520 135 2.05 520 145 1.53
530 105 3.30 530 115 2.28 530 125 2.72 530 135 2.28 530 145 1.77
540 105 4.58 540 115 3.36 540 125 3.44 540 135 2.85 540 145 2.18
550 105 5.83 550 115 4.57 550 125 4.43 550 135 3.63 550 145 2.75
560 105 7.71 560 115 6.28 560 125 5.92 560 135 4.71 560 145 3.38
570 105 10.33 570 115 8.64 570 125 7.79 570 135 6.16 570 145 4.47
580 105 13.04 580 115 11.21 580 125 9.94 580 135 7.85 580 145 5.58
590 105 15.05 590 115 12.98 590 125 11.35 590 135 8.96 590 145 6.19
600 105 15.79 600 115 13.67 600 125 11.94 600 135 9.47 600 145 6.50
610 105 16.74 610 115 14.54 610 125 12.68 610 135 9.99 610 145 7.00
620 105 17.43 620 115 15.16 620 125 13.22 620 135 10.50 620 145 7.29
630 105 17.31 630 115 15.21 630 125 13.23 630 135 10.41 630 145 7.37
640 105 16.84 640 115 14.72 640 125 12.82 640 135 10.09 640 145 7.13
650 105 15.21 650 115 13.33 650 125 11.55 650 135 9.26 650 145 6.53
660 105 13.59 660 115 12.06 660 125 10.65 660 135 8.56 660 145 6.13
670 105 12.99 670 115 11.50 670 125 10.36 670 135 8.46 670 145 6.24
680 105 13.17 680 115 11.71 680 125 10.52 680 135 8.46 680 145 6.27
690 105 14.15 690 115 12.66 690 125 11.21 690 135 9.16 690 145 6.77
700 105 15.45 700 115 13.90 700 125 12.19 700 135 9.85 700 145 7.14
5-23/28
WL Pol A%T WL Pol A%T WL Pol A%T WL Pol A%T
450 150 2.24 450 160 1.63 450 170 0.82 450 180 0.30
460 150 2.41 460 160 1.27 460 170 1.07 460 180 0.74
470 150 1.60 470 160 0.77 470 170 0.53 470 180 0.34
480 150 1.58 480 160 0.46 480 170 0.51 480 180 0.22
490 150 1.36 490 160 0.73 490 170 0.48 490 180 0.06
500 150 1.21 500 160 0.49 500 170 0.39 500 180 0.12
510 150 1.18 510 160 0.44 510 170 0.61 510 180 0.31
520 150 1.22 520 160 0.50 520 170 0.47 520 180 0.29
530 150 1.40 530 160 0.63 530 170 0.61 530 180 0.35
540 150 1.60 540 160 0.76 540 170 0.57 540 180 0.35
550 150 2.02 550 160 1.03 550 170 0.80 550 180 0.41
560 150 2.61 560 160 1.28 560 170 0.77 560 180 0.47
570 150 3.36 570 160 1.75 570 170 0.95 570 180 0.52
580 150 4.29 580 160 2.28 580 170 1.16 580 180 0.57
590 150 4.89 590 160 2.54 590 170 1.18 590 180 0.57
600 150 5.04 600 160 2.60 600 170 1.14 600 180 0.51
610 150 5.46 610 160 2.83 610 170 1.38 610 180 0.65
620 150 5.70 620 160 3.00 620 170 1.38 620 180 0.55
630 150 5.75 630 160 3.07 630 170 1.32 630 180 0.61
640 150 5.51 640 160 2.89 640 170 1.43 640 180 0.70
650 150 5.14 650 160 2.81 650 170 1.34 650 180 0.57
660 150 4.92 660 160 2.70 660 170 1.37 660 180 0.65
670 150 4.92 670 160 2.70 670 170 1.43 670 180 0.64
680 150 5.08 680 160 2.77 680 170 1.41 680 180 0.58
690 150 5.40 690 160 2.90 690 170 1.40 690 180 0.51
700 150 5.69 700 160 3.15 700 170 1.49 700 180 0.49
450 155 0.93 450 165 0.60 450 175 0.51
460 155 1.43 460 165 0.85 460 175 0.76
470 155 1.20 470 165 0.42 470 175 0.67
480 155 1.20 480 165 0.38 480 175 0.39
490 155 0.88 490 165 0.32 490 175 0.57
500 155 0.76 500 165 0.28 500 175 0.50
510 155 0.88 510 165 0.35 510 175 0.57
520 155 0.85 520 165 0.23 520 175 0.45
530 155 0.94 530 165 0.48 530 175 0.65
540 155 1.16 540 165 0.57 540 175 0.65
550 155 1.52 550 165 0.70 550 175 0.66
560 155 1.92 560 165 0.90 560 175 0.69
570 155 2.45 570 165 1.14 570 175 0.71
580 155 3.16 580 165 1.47 580 175 0.88
590 155 3.60 590 165 1.59 590 175 0.90
600 155 3.73 600 165 1.60 600 175 0.82
610 155 4.05 610 165 1.87 610 175 0.98
620 155 4.28 620 165 1.86 620 175 0.92
630 155 4.30 630 165 1.99 630 175 0.94
640 155 4.14 640 165 1.97 640 175 1.00
650 155 3.84 650 165 1.95 650 175 1.02
660 155 3.63 660 165 1.76 660 175 1.01
670 155 3.66 670 165 1.85 670 175 0.98
680 155 3.78 680 165 1.96 680 175 0.90
690 155 3.98 690 165 2.05 690 175 0.91
700 155 4.29 700 165 2.22 700 175 0.98
5-24/28
A % Transmittance Data
Blue Formulation #3
WL Pol A%T WL Pol A%T WL Pol A%T WL Pol A%T WL Pol A%T
450 0 0.00 450 10 0.16 450 20 0.37 450 30 0.38 450 40 0.78
460 0 0.00 460 10 0.07 460 20 0.35 460 30 0.36 460 40 0.29
470 0 0.00 470 10 -0.10 470 20 -0.16 470 30 0.23 470 40 -0.03
480 0 0.00 480 10 -0.21 480 20 -0.10 480 30 0.00 480 40 0.03
490 0 0.00 490 10 0.11 490 20 0.02 490 30 0.25 490 40 0.17
500 0 0.00 500 10 -0.13 500 20 -0.06 500 30 0.17 500 40 0.17
510 0 0.00 510 10 0.05 510 20 0.11 510 30 0.34 510 40 0.27
520 0 0.00 520 10 -0.01 520 20 -0.04 520 30 0.10 520 40 0.25
530 0 0.00 530 10 -0.12 530 20 -0.07 530 30 0.14 530 40 0.23
540 0 0.00 540 10 -0.10 540 20 -0.06 540 30 0.20 540 40 0.29
550 0 0.00 550 10 0.00 550 20 0.10 550 30 0.43 550 40 0.55
560 0 0.00 560 10 0.01 560 20 0.13 560 30 0.57 560 40 0.81
570 0 0.00 570 10 0.07 570 20 0.33 570 30 0.91 570 40 1.18
580 0 0.00 580 10 0.16 580 20 0.40 580 30 0.96 580 40 1.57
590 0 0.00 590 10 0.20 590 20 0.47 590 30 1.21 590 40 1.84
600 0 0.00 600 10 0.15 600 20 0.49 600 30 1.21 600 40 1.79
610 0 0.00 610 10 0.19 610 20 0.56 610 30 1.07 610 40 1.63
620 0 0.00 620 10 0.11 620 20 0.35 620 30 0.92 620 40 1.40
630 0 0.00 630 10 0.08 630 20 0.28 630 30 0.75 630 40 0.97
640 0 0.00 640 10 0.17 640 20 0.16 640 30 0.42 640 40 0.43
650 0 0.00 650 10 0.04 650 20 -0.10 650 30 0.02 650 40 -0.08
660 0 0.00 660 10 -0.09 660 20 -0.09 660 30 0.08 660 40 -0.03
670 0 0.00 670 10 0.05 670 20 0.07 670 30 0.23 670 40 0.24
680 0 0.00 680 10 0.08 680 20 0.08 680 30 0.33 680 40 0.26
690 0 0.00 690 10 0.11 690 20 0.12 690 30 0.24 690 40 0.10
700 0 0.00 700 10 0.07 700 20 -0.05 700 30 0.13 700 40 -0.07
450 5 0.78 450 15 0.08 450 25 0.44 450 35 0.12 450 45 0.89
460 5 0.26 460 15 0.03 460 25 0.28 460 35 0.06 460 45 0.26
470 5 0.10 470 15 -0.30 470 25 0.03 470 35 0.15 470 45 0.08
480 5 -0.17 480 15 -0.33 480 25 0.03 480 35 0.03 480 45 0.16
490 5 0.13 490 15 -0.16 490 25 0.37 490 35 0.31 490 45 0.31
500 5 0.13 500 15 -0.03 500 25 0.11 500 35 0.18 500 45 0.26
510 5 0.15 510 15 -0.22 510 25 0.07 510 35 0.31 510 45 0.28
520 5 0.09 520 15 -0.18 520 25 0.18 520 35 0.37 520 45 0.42
530 5 0.12 530 15 -0.22 530 25 0.02 530 35 0.25 530 45 0.26
540 5 0.06 540 15 -0.19 540 25 0.13 540 35 0.19 540 45 0.31
550 5 0.15 550 15 -0.08 550 25 0.28 550 35 0.46 550 45 0.68
560 5 0.09 560 15 0.06 560 25 0.41 560 35 0.89 560 45 1.00
570 5 0.15 570 15 0.05 570 25 0.62 570 35 1.02 570 45 1.40
580 5 0.20 580 15 0.18 580 25 0.78 580 35 1.42 580 45 1.95
590 5 0.16 590 15 0.22 590 25 0.80 590 35 1.57 590 45 2.25
600 5 0.19 600 15 0.21 600 25 0.81 600 35 1.49 600 45 2.17
610 5 0.15 610 15 0.24 610 25 0.86 610 35 1.41 610 45 2.01
620 5 0.08 620 15 0.15 620 25 0.63 620 35 1.08 620 45 1.68
630 5 0.08 630 15 0.15 630 25 0.52 630 35 0.88 630 45 1.19
640 5 0.16 640 15 0.04 640 25 0.23 640 35 0.44 640 45 0.47
650 5 0.13 650 15 -0.16 650 25 -0.04 650 35 0.04 650 45 -0.16
660 5 0.07 660 15 -0.16 660 25 -0.03 660 35 0.06 660 45 0.00
670 5 0.19 670 15 0.02 670 25 0.14 670 35 0.34 670 45 0.37
680 5 0.10 680 15 0.05 680 25 0.23 680 35 0.35 680 45 0.40
690 5 0.13 690 15 0.10 690 25 0.23 690 35 0.19 690 45 0.22
700 5 0.05 700 15 -0.10 700 25 0.01 700 35 0.09 700 45 -0.08
5-25/28








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































WL Pol A%T WL Pol A%T WL Pol A%T WL Pol A%T
450 150 0.05 450 160 -0.06 450 170 0.06 450 180 0.00
460 150 -0.22 460 160 -0.13 460 170 0.07 460 180 -0.36
470 150 -0.54 470 160 -0.41 470 170 -0.18 470 180 -0.61
480 150 -0.56 480 160 -0.53 480 170 -0.40 480 180 -0.71
490 150 -0.24 490 160 -0.17 490 170 -0.25 490 180 -0.41
500 150 -0.34 500 160 -0.35 500 170 -0.39 500 180 -0.69
510 150 -0.38 510 160 -0.55 510 170 -0.38 510 180 -0.49
520 150 -0.38 520 160 -0.44 520 170 -0.36 520 180 -0.51
530 150 -0.48 530 160 -0.53 530 170 -0.45 530 180 -0.59
540 150 -0.39 540 160 -0.43 540 170 -0.47 540 180 -0.63
550 150 -0.16 550 160 -0.39 550 170 -0.33 550 180 -0.44
560 150 0.04 560 160 -0.22 560 170 -0.32 560 180 -0.41
570 150 0.23 570 160 -0.05 570 170 -0.26 570 180 -0.40
580 150 0.39 580 160 -0.04 580 170 -0.21 580 180 -0.37
590 150 0.62 590 160 0.04 590 170 -0.17 590 180 -0.45
600 150 0.55 600 160 -0.01 600 170 -0.23 600 180 -0.39
610 150 0.52 610 160 -0.02 610 170 -0.21 610 180 -0.34
620 150 0.18 620 160 -0.15 620 170 -0.37 620 180 -0.44
630 150 0.05 630 160 -0.24 630 170 -0.27 630 180 -0.36
640 150 -0.28 640 160 -0.46 640 170 -0.23 640 180 -0.34
650 150 -0.59 650 160 -0.60 650 170 -0.40 650 180 -0.36
660 150 -0.62 660 160 -0.56 660 170 -0.47 660 180 -0.46
670 150 -0.41 670 160 -0.38 670 170 -0.31 670 180 -0.36
680 150 -0.34 680 160 -0.36 680 170 -0.34 680 180 -0.30
690 150 -0.44 690 160 -0.42 690 170 -0.21 690 180 -0.18
700 150 -0.56 700 160 -0.50 700 170 -0.36 700 180 -0.37
450 155 -0.03 450 165 -0.05 450 175 -0.26
460 155 -0.16 460 165 0.02 460 175 -0.21
470 155 -0.64 470 165 -0.31 470 175 -0.35
480 155 -0.69 480 165 -0.29 480 175 -0.28
490 155 -0.34 490 165 -0.19 490 175 -0.19
500 155 -0.51 500 165 -0.36 500 175 -0.38
510 155 -0.48 510 165 -0.40 510 175 -0.38
520 155 -0.46 520 165 -0.40 520 175 -0.46
530 155 -0.48 530 165 -0.44 530 175 -0.45
540 155 -0.48 540 165 -0.48 540 175 -0.53
550 155 -0.27 550 165 -0.32 550 175 -0.35
560 155 -0.27 560 165 -0.27 560 175 -0.41
570 155 -0.02 570 165 -0.12 570 175 -0.41
580 155 0.18 580 165 -0.09 580 175 -0.28
590 155 0.19 590 165 -0.06 590 175 -0.26
600 155 0.22 600 165 -0.15 600 175 -0.34
610 155 0.19 610 165 -0.13 610 175 -0.21
620 155 -0.03 620 165 -0.22 620 175 -0.33
630 155 -0.12 630 165 -0.27 630 175 -0.33
640 155 -0.38 640 165 -0.40 640 175 -0.33
650 155 -0.64 650 165 -0.41 650 175 -0.41
660 155 -0.51 660 165 -0.49 660 175 -0.41
670 155 -0.40 670 165 -0.33 670 175 -0.38
680 155 -0.40 680 165 -0.35 680 175 -0.32
690 155 -0.50 690 165 -0.41 690 175 -0.40





WL Pol %T WL Pol %T WL Pol %T WL Pol %T WL Pol %T
400 0 0.00 400 10 0.02 400 20 0.01 400 30 0.04 400 40 0.04
410 0 0.00 410 10 0.01 410 20 -0.01 410 30 0.00 410 40 -0.02
420 0 0.00 420 10 -0.01 420 20 -0.04 420 30 -0.08 420 40 -0.10
430 0 0.00 430 10 -0.04 430 20 -0.10 430 30 -0.16 430 40 -0.23
440 0 0.00 440 10 -0.06 440 20 -0.14 440 30 -0.24 440 40 -0.32
450 0 0.00 450 10 -0.08 450 20 -0.18 450 30 -0.28 450 40 -0.39
460 0 0.00 460 10 -0.09 460 20 -0.21 460 30 -0.33 460 40 -0.48
470 0 0.00 470 10 -0.10 470 20 -0.21 470 30 -0.35 470 40 -0.48
480 0 0.00 480 10 -0.09 480 20 -0.21 480 30 -0.33 480 40 -0.48
490 0 0.00 490 10 -0.09 490 20 -0.18 490 30 -0.31 490 40 -0.42
500 0 0.00 500 10 -0.06 500 20 -0.14 500 30 -0.24 500 40 -0.34
510 0 0.00 510 10 -0.05 510 20 -0.12 510 30 -0.20 510 40 -0.31
520 0 0.00 520 10 -0.04 520 20 -0.08 520 30 -0.14 520 40 -0.21
530 0 0.00 530 10 -0.02 530 20 -0.05 530 30 -0.08 530 40 -0.15
540 0 0.00 540 10 0.00 540 20 -0.02 540 30 -0.06 540 40 -0.11
550 0 0.00 550 10 0.00 550 20 0.00 550 30 -0.03 550 40 -0.07
560 0 0.00 560 10 0.02 560 20 0.03 560 30 0.02 560 40 -0.01
570 0 0.00 570 10 0.02 570 20 0.05 570 30 0.06 570 40 0.04
580 0 0.00 580 10 0.03 580 20 0.06 580 30 0.07 580 40 0.06
590 0 0.00 590 10 0.03 590 20 0.06 590 30 0.06 590 40 0.03
600 0 0.00 600 10 0.03 600 20 0.04 600 30 0.06 600 40 0.06
610 0 0.00 610 10 0.02 610 20 0.04 610 30 0.07 610 40 0.05
620 0 0.00 620 10 0.03 620 20 0.05 620 30 0.08 620 40 0.05
630 0 0.00 630 10 0.01 630 20 0.03 630 30 0.02 630 40 0.01
640 0 0.00 640 10 0.02 640 20 0.02 640 30 0.02 640 40 -0.02
650 0 0.00 650 10 0.02 650 20 0.01 650 30 0.03 650 40 0.00
660 0 0.00 660 10 0.00 660 20 0.02 660 30 -0.01 660 40 -0.04
670 0 0.00 670 10 -0.01 670 20 -0.01 670 30 -0.03 670 40 -0.09
680 0 0.00 680 10 -0.02 680 20 -0.01 680 30 -0.05 680 40 -0.09
690 0 0.00 690 10 0.00 690 20 -0.01 690 30 -0.04 690 40 -0.09
700 0 0.00 700 10 -0.03 700 20 -0.05 700 30 -0.07 700 40 -0.14
400 5 0.05 400 15 0.04 400 25 0.03 400 35 0.02 400 45 0.02
410 5 0.01 410 15 0.01 410 25 -0.01 410 35 -0.01 410 45 -0.01
420 5 0.02 420 15 -0.02 420 25 -0.05 420 35 -0.09 420 45 -0.12
430 5 -0.02 430 15 -0.07 430 25 -0.15 430 35 -0.20 430 45 -0.26
440 5 -0.03 440 15 -0.10 440 25 -0.18 440 35 -0.26 440 45 -0.36
450 5 -0.04 450 15 -0.12 450 25 -0.23 450 35 -0.33 450 45 -0.43
460 5 -0.03 460 15 -0.15 460 25 -0.27 460 35 -0.41 460 45 -0.54
470 5 -0.05 470 15 -0.17 470 25 -0.27 470 35 -0.41 470 45 -0.54
480 5 -0.04 480 15 -0.15 480 25 -0.27 480 35 -0.41 480 45 -0.53
490 5 -0.05 490 15 -0.14 490 25 -0.24 490 35 -0.37 490 45 -0.48
500 5 -0.04 500 15 -0.10 500 25 -0.18 500 35 -0.30 500 45 -0.39
510 5 -0.02 510 15 -0.08 510 25 -0.16 510 35 -0.25 510 45 -0.33
520 5 -0.02 520 15 -0.06 520 25 -0.12 520 35 -0.18 520 45 -0.25
530 5 -0.01 530 15 -0.03 530 25 -0.06 530 35 -0.11 530 45 -0.19
540 5 0.00 540 15 -0.02 540 25 -0.04 540 35 -0.09 540 45 -0.14
550 5 0.00 550 15 0.00 550 25 -0.01 550 35 -0.07 550 45 -0.11
560 5 0.00 560 15 0.03 560 25 0.02 560 35 0.01 560 45 -0.04
570 5 0.01 570 15 0.04 570 25 0.06 570 35 0.05 570 45 0.01
580 5 0.01 580 15 0.05 580 25 0.07 580 35 0.07 580 45 0.04
590 5 0.00 590 15 0.04 590 25 0.06 590 35 0.05 590 45 0.02
600 5 0.02 600 15 0.03 600 25 0.06 600 35 0.08 600 45 0.03
610 5 0.00 610 15 0.04 610 25 0.06 610 35 0.07 610 45 0.05
620 5 0.00 620 15 0.05 620 25 0.07 620 35 0.06 620 45 0.04
630 5 0.00 630 15 0.01 630 25 0.02 630 35 0.02 630 45 -0.01
640 5 0.00 640 15 0.00 640 25 0.02 640 35 0.00 640 45 -0.04
650 5 -0.01 650 15 0.00 650 25 0.02 650 35 0.01 650 45 -0.02
660 5 -0.02 660 15 -0.01 660 25 0.01 660 35 -0.02 660 45 -0.06
670 5 -0.01 670 15 -0.02 670 25 -0.02 670 35 -0.05 670 45 -0.10
680 5 -0.01 680 15 -0.02 680 25 -0.02 680 35 -0.06 680 45 -0.13
690 5 0.00 690 15 -0.01 690 25 -0.03 690 35 -0.10 690 45 -0.11
700 5 -0.02 700 15 -0.03 700 25 -0.06 700 35 -0.11 700 45 -0.16
6-1/5
WL Pol A%T WL Pol A%T WL Pol A%T WL Pol A%T WL Pol A%T
400 50 0.07 400 60 0.06 400 70 0.02 400 80 0.04 400 90 0.04
410 50 -0.03 410 60 -0.03 410 70 -0.04 410 80 -0.05 410 90 -0.05
420 50 -0.15 420 60 -0.18 420 70 -0.19 420 80 -0.20 420 90 -0.19
430 50 -0.28 430 60 -0.33 430 70 -0.38 430 80 -0.39 430 90 -0.36
440 50 -0.40 440 60 -0.49 440 70 -0.51 440 80 -0.53 440 90 -0.51
450 50 -0.46 450 60 -0.56 450 70 -0.62 450 80 -0.64 450 90 -0.61
460 50 -0.59 460 60 -0.72 460 70 -0.78 460 80 -0.80 460 90 -0.77
470 50 -0.60 470 60 -0.72 470 70 -0.80 470 80 -0.84 470 90 -0.82
480 50 -0.61 480 60 -0.72 480 70 -0.81 480 80 -0.84 480 90 -0.83
490 50 -0.56 490 60 -0.67 490 70 -0.76 490 80 -0.82 490 90 -0.79
500 50 -0.47 500 60 -0.56 500 70 -0.66 500 80 -0.72 500 90 -0.71
510 50 -0.39 510 60 -0.50 510 70 -0.58 510 80 -0.65 510 90 -0.65
520 50 -0.31 520 60 -0.40 520 70 -0.48 520 80 -0.56 520 90 -0.57
530 50 -0.22 530 60 -0.32 530 70 -0.45 530 80 -0.47 530 90 -0.49
540 50 -0.19 540 60 -0.30 540 70 -0.39 540 80 -0.47 540 90 -0.50
550 50 -0.15 550 60 -0.24 550 70 -0.33 550 80 -0.40 550 90 -0.46
560 50 -0.07 560 60 -0.14 560 70 -0.23 560 80 -0.31 560 90 -0.36
570 50 -0.01 570 60 -0.09 570 70 -0.17 570 80 -0.24 570 90 -0.30
580 50 0.02 580 60 -0.04 580 70 -0.13 580 80 -0.21 580 90 -0.26
590 50 0.00 590 60 -0.06 590 70 -0.16 590 80 -0.23 590 90 -0.27
600 50 0.03 600 60 -0.02 600 70 -0.12 600 80 -0.19 600 90 -0.23
610 50 0.04 610 60 -0.03 610 70 -0.11 610 80 -0.19 610 90 -0.22
620 50 0.03 620 60 -0.02 620 70 -0.12 620 80 -0.18 620 90 -0.21
630 50 -0.02 630 60 -0.06 630 70 -0.14 630 80 -0.21 630 90 -0.21
640 50 -0.08 640 60 -0.15 640 70 -0.26 640 80 -0.33 640 90 -0.35
650 50 -0.05 650 60 -0.11 650 70 -0.20 650 80 -0.30 650 90 -0.32
660 50 -0.08 660 60 -0.15 660 70 -0.24 660 80 -0.30 660 90 -0.32
670 50 -0.11 670 60 -0.18 670 70 -0.29 670 80 -0.33 670 90 -0.34
680 50 -0.16 680 60 -0.22 680 70 -0.30 680 80 -0.34 680 90 -0.36
690 50 -0.15 690 60 -0.22 690 70 -0.30 690 80 -0.32 690 90 -0.35
700 50 -0.17 700 60 -0.26 700 70 -0.35 700 80 -0.35 700 90 -0.35
400 55 0.06 400 65 0.05 400 75 0.08 400 85 0.03 400 95 0.03
410 55 -0.01 410 65 -0.05 410 75 -0.04 410 85 -0.06 410 95 -0.04
420 55 -0.16 420 65 -0.18 420 75 -0.21 420 85 -0.19 420 95 -0.18
430 55 -0.32 430 65 -0.36 430 75 -0.39 430 85 -0.39 430 95 -0.36
440 55 -0.44 440 65 -0.50 440 75 -0.52 440 85 -0.51 440 95 -0.48
450 55 -0.53 450 65 -0.61 450 75 -0.64 450 85 -0.63 450 95 -0.58
460 55 -0.66 460 65 -0.75 460 75 -0.80 460 85 -0.80 460 95 -0.73
470 55 -0.67 470 65 -0.76 470 75 -0.83 470 85 -0.84 470 95 -0.78
480 55 -0.66 480 65 -0.77 480 75 -0.84 480 85 -0.85 480 95 -0.79
490 55 -0.62 490 65 -0.73 490 75 -0.79 490 85 -0.82 490 95 -0.76
500 55 -0.52 500 65 -0.62 500 75 -0.69 500 85 -0.72 500 95 -0.69
510 55 -0.44 510 65 -0.55 510 75 -0.62 510 85 -0.65 510 95 -0.64
520 55 -0.35 520 65 -0.45 520 75 -0.53 520 85 -0.57 520 95 -0.56
530 55 -0.26 530 65 -0.36 530 75 -0.45 530 85 -0.49 530 95 -0.49
540 55 -0.26 540 65 -0.33 540 75 -0.44 540 85 -0.49 540 95 -0.50
550 55 -0.19 550 65 -0.28 550 75 -0.37 550 85 -0.43 550 95 -0.46
560 55 -0.10 560 65 -0.19 560 75 -0.27 560 85 -0.34 560 95 -0.37
570 55 -0.05 570 65 -0.11 570 75 -0.21 570 85 -0.27 570 95 -0.32
580 55 -0.01 580 65 -0.08 580 75 -0.17 580 85 -0.24 580 95 -0.28
590 55 -0.03 590 65 -0.11 590 75 -0.19 590 85 -0.25 590 95 -0.30
600 55 0.00 600 65 -0.05 600 75 -0.15 600 85 -0.22 600 95 -0.24
610 55 0.02 610 65 -0.05 610 75 -0.15 610 85 -0.20 610 95 -0.26
620 55 0.00 620 65 -0.07 620 75 -0.15 620 85 -0.19 620 95 -0.23
630 55 -0.04 630 65 -0.10 630 75 -0.18 630 85 -0.21 630 95 -0.24
640 55 -0.11 640 65 -0.20 640 75 -0.29 640 85 -0.34 640 95 -0.37
650 55 -0.08 650 65 -0.16 650 75 -0.25 650 85 -0.30 650 95 -0.32
660 55 -0.11 660 65 -0.19 660 75 -0.28 660 85 -0.32 660 95 -0.34
670 55 -0.14 670 65 -0.23 670 75 -0.30 670 85 -0.32 670 95 -0.34
680 55 -0.18 680 65 -0.26 680 75 -0.33 680 85 -0.35 680 95 -0.35
690 55 -0.17 690 65 -0.26 690 75 -0.34 690 85 -0.35 690 95 -0.34
700 55 -0.22 700 65 -0.28 700 75 -0.35 700 85 -0.36 700 95 -0.35
6-2/5
WL Pol A%T WL Pol A%T WL Pol A%T WL Pol A%T WL Pol A%T
400 100 0.04 400 110 0.04 400 120 0.04 400 130 0.03 400 140 0.00
410 100 -0.05 410 110 -0.02 410 120 -0.02 410 130 0.00 410 140 -0.01
420 100 -0.16 420 110 -0.14 420 120 -0.09 420 130 -0.07 420 140 -0.05
430 100 -0.33 430 110 -0.27 430 120 -0.21 430 130 -0.14 430 140 -0.11
440 100 -0.45 440 110 -0.37 440 120 -0.27 440 130 -0.20 440 140 -0.12
450 100 -0.54 450 110 -0.45 450 120 -0.33 450 130 -0.23 450 140 -0.16
460 100 -0.69 460 110 -0.57 460 120 -0.42 460 130 -0.30 460 140 -0.20
470 100 -0.74 470 110 -0.61 470 120 -0.48 470 130 -0.34 470 140 -0.25
480 100 -0.75 480 110 -0.61 480 120 -0.48 480 130 -0.37 480 140 -0.26
490 100 -0.73 490 110 -0.60 490 120 -0.48 490 130 -0.36 490 140 -0.27
500 100 -0.66 500 110 -0.56 500 120 -0.44 500 130 -0.36 500 140 -0.27
510 100 -0.61 510 110 -0.53 510 120 -0.44 510 130 -0.35 510 140 -0.30
520 100 -0.54 520 110 -0.48 520 120 -0.41 520 130 -0.35 520 140 -0.30
530 100 -0.48 530 110 -0.46 530 120 -0.39 530 130 -0.33 530 140 -0.30
540 100 -0.51 540 110 -0.47 540 120 -0.42 540 130 -0.38 540 140 -0.36
550 100 -0.45 550 110 -0.44 550 120 -0.40 550 130 -0.37 550 140 -0.37
560 100 -0.37 560 110 -0.38 560 120 -0.37 560 130 -0.36 560 140 -0.37
570 100 -0.32 570 110 -0.34 570 120 -0.33 570 130 -0.35 570 140 -0.37
580 100 -0.28 580 110 -0.30 580 120 -0.30 580 130 -0.33 580 140 -0.37
590 100 -0.30 590 110 -0.32 590 120 -0.32 590 130 -0.33 590 140 -0.38
600 100 -0.27 600 110 -0.29 600 120 -0.29 600 130 -0.32 600 140 -0.37
610 100 -0.26 610 110 -0.28 610 120 -0.31 610 130 -0.35 610 140 -0.39
620 100 -0.23 620 110 -0.26 620 120 -0.27 620 130 -0.30 620 140 -0.36
630 100 -0.23 630 110 -0.24 630 120 -0.26 630 130 -0.27 630 140 -0.33
640 100 -0.37 640 110 -0.38 640 120 -0.38 640 130 -0.40 640 140 -0.42
650 100 -0.34 650 110 -0.34 650 120 -0.36 650 130 -0.35 650 140 -0.40
660 100 -0.33 660 110 -0.34 660 120 -0.35 660 130 -0.37 660 140 -0.40
670 100 -0.34 670 110 -0.33 670 120 -0.35 670 130 -0.35 670 140 -0.38
680 100 -0.35 680 110 -0.32 680 120 -0.31 680 130 -0.34 680 140 -0.36
690 100 -0.33 690 110 -0.31 690 120 -0.29 690 130 -0.30 690 140 -0.34
700 100 -0.32 700 110 -0.31 700 120 -0.29 700 130 -0.30 700 140 -0.33
400 105 0.04 400 115 0.05 400 125 0.01 400 135 0.00 400 145 0.04
410 105 -0.03 410 115 -0.03 410 125 -0.01 410 135 0.00 410 145 0.00
420 105 -0.16 420 115 -0.13 420 125 -0.09 420 135 -0.06 420 145 -0.03
430 105 -0.31 430 115 -0.23 430 125 -0.18 430 135 -0.12 430 145 -0.07
440 105 -0.41 440 115 -0.32 440 125 -0.23 440 135 -0.16 440 145 -0.10
450 105 -0.51 450 115 -0.39 450 125 -0.29 450 135 -0.21 450 145 -0.13
460 105 -0.64 460 115 -0.50 460 125 -0.36 460 135 -0.23 460 145 -0.15
470 105 -0.67 470 115 -0.55 470 125 -0.41 470 135 -0.28 470 145 -0.21
480 105 -0.68 480 115 -0.56 480 125 -0.41 480 135 -0.29 480 145 -0.22
490 105 -0.68 490 115 -0.55 490 125 -0.43 490 135 -0.32 490 145 -0.24
500 105 -0.63 500 115 -0.51 500 125 -0.39 500 135 -0.33 500 145 -0.26
510 105 -0.57 510 115 -0.49 510 125 -0.39 510 135 -0.32 510 145 -0.30
520 105 -0.52 520 115 -0.45 520 125 -0.37 520 135 -0.35 520 145 -0.29
530 105 -0.45 530 115 -0.45 530 125 -0.35 530 135 -0.32 530 145 -0.29
540 105 -0.48 540 115 -0.45 540 125 -0.39 540 135 -0.36 540 145 -0.35
550 105 -0.45 550 115 -0.42 550 125 -0.38 550 135 -0.37 550 145 -0.36
560 105 -0.38 560 115 -0.37 560 125 -0.35 560 135 -0.36 560 145 -0.36
570 105 -0.32 570 115 -0.34 570 125 -0.35 570 135 -0.35 570 145 -0.37
580 105 -0.31 580 115 -0.31 580 125 -0.32 580 135 -0.35 580 145 -0.36
590 105 -0.32 590 115 -0.32 590 125 -0.33 590 135 -0.36 590 145 -0.39
600 105 -0.29 600 115 -0.29 600 125 -0.31 600 135 -0.35 600 145 -0.38
610 105 -0.28 610 115 -0.29 610 125 -0.33 610 135 -0.37 610 145 -0.41
620 105 -0.25 620 115 -0.26 620 125 -0.27 620 135 -0.34 620 145 -0.36
630 105 -0.23 630 115 -0.24 630 125 -0.26 630 135 -0.31 630 145 -0.34
640 105 -0.39 640 115 -0.38 640 125 -0.37 640 135 -0.40 640 145 -0.41
650 105 -0.35 650 115 -0.33 650 125 -0.37 650 135 -0.38 650 145 -0.39
660 105 -0.33 660 115 -0.33 660 125 -0.35 660 135 -0.37 660 145 -0.41
670 105 -0.33 670 115 -0.35 670 125 -0.34 670 135 -0.36 670 145 -0.40
680 105 -0.34 680 115 -0.34 680 125 -0.31 680 135 -0.34 680 145 -0.38
690 105 -0.32 690 115 -0.29 690 125 -0.29 690 135 -0.30 690 145 -0.34
700 105 -0.31 700 115 -0.29 700 125 -0.27 700 135 -0.30 700 145 -0.35
6-3/5
WL Pol A%T WL Pol A%T WL Pol A%T WL Pol A%T
400 150 0.02 400 160 0.02 400 170 0.01 400 180 0.05
410 150 -0.02 410 160 0.00 410 170 0.00 410 180 -0.02
420 150 -0.02 420 160 -0.04 420 170 -0.04 420 180 -0.05
430 150 -0.07 430 160 -0.06 430 170 -0.09 430 180 -0.13
440 150 -0.08 440 160 -0.09 440 170 -0.11 440 180 -0.16
450 150 -0.11 450 160 -0.11 450 170 -0.14 450 180 -0.21
460 150 -0.14 460 160 -0.12 460 170 -0.16 460 180 -0.25
470 150 -0.19 470 160 -0.18 470 170 -0.22 470 180 -0.29
480 150 -0.21 480 160 -0.18 480 170 -0.23 480 180 -0.30
490 150 -0.23 490 160 -0.23 490 170 -0.26 490 180 -0.33
500 150 -0.25 500 160 -0.23 500 170 -0.26 500 180 -0.34
510 150 -0.30 510 160 -0.27 510 170 -0.30 510 180 -0.34
520 150 -0.29 520 160 -0.29 520 170 -0.32 520 180 -0.36
530 150 -0.30 530 160 -0.30 530 170 -0.32 530 180 -0.35
540 150 -0.35 540 160 -0.32 540 170 -0.33 540 180 -0.36
550 150 -0.35 550 160 -0.35 550 170 -0.35 550 180 -0.37
560 150 -0.36 560 160 -0.35 560 170 -0.37 560 180 -0.37
570 150 -0.36 570 160 -0.37 570 170 -0.37 570 180 -0.37
580 150 -0.36 580 160 -0.37 580 170 -0.37 580 180 -0.39
590 150 -0.38 590 160 -0.40 590 170 -0.42 590 180 -0.42
600 150 -0.39 600 160 -0.41 600 170 -0.43 600 180 -0.42
610 150 -0.41 610 160 -0.43 610 170 -0.45 610 180 -0.46
620 150 -0.39 620 160 -0.42 620 170 -0.44 620 180 -0.43
630 150 -0.36 630 160 -0.40 630 170 -0.44 630 180 -0.44
640 150 -0.43 640 160 -0.44 640 170 -0.43 640 180 -0.44
650 150 -0.41 650 160 -0.42 650 170 -0.43 650 180 -0.42
660 150 -0.41 660 160 -0.45 660 170 -0.46 660 180 -0.47
670 150 -0.40 670 160 -0.43 670 170 -0.44 670 180 -0.45
680 150 -0.39 680 160 -0.41 680 170 -0.45 680 180 -0.48
690 150 -0.35 690 160 -0.40 690 170 -0.44 690 180 -0.44
700 150 -0.36 700 160 -0.40 700 170 -0.43 700 180 -0.45
400 155 0.03 400 165 0.01 400 175 0.04
410 155 0.00 410 165 -0.02 410 175 0.00
420 155 -0.03 420 165 -0.03 420 175 -0.04
430 155 -0.06 430 165 -0.07 430 175 -0.10
440 155 -0.09 440 165 -0.09 440 175 -0.14
450 155 -0.11 450 165 -0.12 450 175 -0.18
460 155 -0.13 460 165 -0.15 460 175 -0.20
470 155 -0.17 470 165 -0.18 470 175 -0.24
480 155 -0.18 480 165 -0.21 480 175 -0.25
490 155 -0.22 490 165 -0.22 490 175 -0.29
500 155 -0.23 500 165 -0.25 500 175 -0.31
510 155 -0.26 510 165 -0.30 510 175 -0.32
520 155 -0.29 520 165 -0.30 520 175 -0.34
530 155 -0.28 530 165 -0.30 530 175 -0.33
540 155 -0.33 540 165 -0.33 540 175 -0.34
550 155 -0.35 550 165 -0.35 550 175 -0.36
560 155 -0.35 560 165 -0.35 560 175 -0.36
570 155 -0.37 570 165 -0.37 570 175 -0.37
580 155 -0.36 580 165 -0.37 580 175 -0.38
590 155 -0.40 590 165 -0.41 590 175 -0.42
600 155 -0.41 600 165 -0.44 600 175 -0.43
610 155 -0.43 610 165 -0.45 610 175 -0.45
620 155 -0.38 620 165 -0.41 620 175 -0.44
630 155 -0.38 630 165 -0.40 630 175 -0.43
640 155 -0.44 640 165 -0.44 640 175 -0.44
650 155 -0.41 650 165 -0.42 650 175 -0.42
660 155 -0.43 660 165 -0.42 660 175 -0.44
670 155 -0.42 670 165 -0.45 670 175 -0.46
680 155 -0.40 680 165 -0.44 680 175 -0.46
690 155 -0.40 690 165 -0.42 690 175 -0.45
700 155 -0.38 700 165 -0.41 700 175 -0.44
WL Pol A%T
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Source Drift with Fan Running









































0.54 0.207 0.018 -0.01 0.208
0.914 0.349 -0.012 -0.007 0.35
1.12 0.428 -0.048 0.029 0.431
1.336 0.51 -0.028 0.038 0.512
1.567 0.598 -0.076 0.062 0.606
1.781 0.679 -0.08 0.029 0.684
1.929 0.735 -0.098 0.041 0.743
2.041 0.777 -0.127 0.05 0.789
2.173 0.827 -0.099 0.008 0.833
2.322 0.884 -0.125 -0.002 0.892
2.482 0.944 -0.111 -0.01 0.95
2.638 1.003 -0.119 -0.024 1.01
2.784 1.058 -0.103 -0.065 1.0S5
2.871 1.091 -0.138 -0.051 1.101
2.936 1.115 -0.141 -0.076 1.126
2.966 1.126 -0.151 -0.056 1.138
2.935 1.114 -0.13 -0.058 1.124
2.986 1.134 -0.162 -0.019 1.146
3.007 1.142 -0.166 -0.046 1.155
2.989 1.135 -0.159 -0.043 1.147
3.055 1.16 -0.174 -0.035 1.173
3.097 1.176 -0.188 -0.052 1.192
3.083 1.17 -0.161 -0.064 1.183
3.107 1.179 -0.189 -0.047 1.195
3.096 1.175 -0.168 -0.077 1.19
3.066 1.164 -0.173 -0.075 1.179
3.068 1.165 -0.167 -0.063 1.178
3.044 1.156 -0.193 -0.042 1.172
3.03 1.15 -0.199 -0.04 1.168
3.038 1.153 -0.183 -0.075 1.17
3.035 1.152 -0.202 -0.067 1.172
3.029 1.15 -0.192 -0.055 1.167
3.048 1.157 -0.187 -0.073 1.174
3.007 1.142 -0.201 -0.048 1.16
3.005 1.141 -0.182 -0.071 1.157
3.004 1.14 -0.204 -0.038 1.159
3.004 1.141 -0.222 -0.044 1.163
2.983 1.133 -0.217 -0.023 1.153
2.985 1.134 -0.2 -0.037 1.152
2.963 1.125 -0.218 -0.018 1.146
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source Drift with Fan Not Running


























































































































Time (Min) AY AL* Aa* Ab* AE*
20.5 0.179 0.068 -0.39 1.91 1.951
21 0.145 0.055 -0.358 1.902 1.936
21.5 0.128 0.049 -0.369 1.927 1.962
22 0.132 0.05 -0.387 1.968 2.006
22.5 0.12 0.046 -0.408 1.975 2.017
23 0.083 0.032 -0.384 1.981 2.018
23.5 0.044 0.017 -0.383 1.973 2.01
24 0.004 0.002 -0.399 2.004 2.043
24.5 -0.008 -0.003 -0.377 1.986 2.022
25 0.005 0.002 -0.405 2.046 2.086
25.5 -0.031 -0.012 -0.375 2.04 2.074
26 -0.065 -0.025 -0.36 1.986 2.019
26.5 -0.057 -0.022 -0.401 2.074 2.112
27 -0.066 -0.025 -0.351 2.027 2.057
27.5 -0.055 -0.021 -0.4 2.075 2.113
28 -0.12 0.046 -0.376 2.043 2.077














































0.034 0.013 0.018 0.032 0.039
0.191 0.074 0.113 -0.124 0.183
0.322 0.124 0.025 -0.063 0.142
0.468 0.181 0.062 -0.045 0.197
0.566 0.219 0.101 -0.098 0.26
0.736 0.284 0.076 -0.057 0.3
0.791 0.305 0.118 -0.071 0.335
0.935 0.361 0.035 -0.108 0.378
0.967 0.373 0.082 -0.145 0.409
1.025 0.395 0.169 -0.167 0.461
1.139 0.439 0.116 -0.205 0.498
1.158 0.447 0.149 -0.164 0.499
1.217 0.469 0.084 -0.137 0.496
1.213 0.468 0.135 -0.15 0.509
1.213 0.468 0.115 -0.213 0.527
1.289 0.497 0.164 -0.264 0.586
1.349 0.52 0.116 -0.132 0.549
1.391 0.536 0.11 -0.207 0.585
1.424 0.549 0.125 -0.215 0.603
1.4 0.54 0.135 -0.207 0.594
1.399 0.539 0.129 -0.216 0.594
1.431 0.551 0.083 -0.191 0.589
1.48 0.57 0.113 -0.199 0.614
1.45 0.559 0.113 -0.229 0.614
1.5 0.578 0.105 -0.184 0.615
1.462 0.563 0.15 -0.233 0.628
1.496 0.576 0.133 -0.219 0.63
1.504 0.579 0.084 -0.189 0.615
1.5 0.578 0.141 -0.201 0.627
1.563 0.602 0.165 -0.248 0.672
1.534 0.591 0.112 -0.211 0.637
1.5 0.578 0.086 -0.182 0.612
1.597 0.615 0.14 -0.198 0.661
1.584 0.61 0.182 -0.239 0.68
1.544 0.595 0.201 -0.251 0.676
1.534 0.591 0.175 -0.237 0.66
1.558 0.6 0.127 -0.241 0.659
1.58 0.608 0.186 -0.308 0.707
1.629 0.627 0.133 -0.22 0.678
1.619 0.623 0.074 -0.186 0.654
1.609 0.619 0.128 -0.22 0.669
9-1/6
















































































































































































































































































































































































































































































































































0.097 0.037 0.213 -0.054 0.223
0.116 0.045 0.209 -0.087 0.231
0.021 0.008 0.21 -0.083 0.226
-0.084 -0.032 0.233 -0.078 0.248
-0.068 -0.026 0.216 -0.025 0.219
-0.013 -0.005 0.198 -0.02 0.199
0.051 0.02 0.188 -0.06 0.199
0.064 0.025 0.202 -0.016 0.205
-0.019 -0.007 0.174 0.006 0.175
0.004 0.002 0.239 -0.114 0.265
-0.061 -0.023 0.186 -0.038 0.191
-0.132 -0.051 0.255 -0.025 0.261
0.008 0.003 0.18 -0.064 0.192
0.185 0.072 0.209 -0.083 0.236
-0.128 -0.049 0.247 -0.004 0.252
-0.021 -0.008 0.226 -0.056 0.233
-0.058 -0.022 0.214 -0.042 0.22
0.022 0.008 0.187 -0.009 0.187
-0.043 -0.017 0.206 -0.024 0.209
0.198 0.077 0.18 -0.09 0.216
0.251 0.097 0.197 -0.088 0.237
0.156 0.06 0.183 -0.068 0.204
0.164 0.063 0.173 -0.1 0.21
0.079 0.031 0.158 0.01 0.162
0.238 0.092 0.2 -0.061 0.228
0.066 0.026 0.202 -0.04 0.207
0.07 0.027 0.131 -0.064 0.149
0.089 0.034 0.188 -0.061 0.2
-0.001 0 0.16 -0.052 0.168
-0.021 -0.008 0.213 -0.037 0.216
-0.013 -0.005 0.193 -0.016 0.194
-0.13 -0.05 0.222 -0.036 0.231
-0.407 -0.058 0.219 0.009 0.27
-0.053 -0.021 0.169 0.015 0.171
-0.408 -0.053 0.252 -0.067 0.305
-0.034 -0.013 0.153 -0.061 0.166
-0.253 -0.098 0.179 0.025 0.206
0.139 0.054 0.196 -0.065 0.213





WL ND 0 ND 1 ND 2 ND :5
CSII PS CSII PS CSII PS CSII PS
400 1.87 1.60 8.20 4.44 21.90 16.59 46.78 39.27
410 2.06 1.16 8.71 6.93 22.73 21.55 46.09 45.58
420 2.24 1.51 9.19 8.36 23.47 22.35 46.25 45.61
430 2.42 2.00 9.66 8.94 24.15 23.34 47.04 45.96
440 2.45 2.27 9.73 9.46 24.28 24.04 46.75 46.89
450 2.72 2.29 10.39 9.52 25.24 24.04 48.40 46.42
460 2.95 2.58 10.93 10.14 26.01 24.98 49.84 48.06
470 2.91 2.82 10.83 10.72 25.85 25.82 49.60 49.67
480 2.73 2.78 10.42 10.67 25.28 25.72 48.66 49.51
490 2.57 2.62 10.02 10.25 24.70 25.14 47.77 48.52
500 2.44 2.47 9.71 9.84 24.24 24.53 47.14 47.63
510 2.39 2.34 9.58 9.56 24.04 24.09 46.87 47.01
520 2.40 2.27 9.62 9.39 24.09 23.88 47.01 46.73
530 2.47 2.30 9.80 9.43 24.36 23.89 47.39 46.80
540 2.55 2.35 9.99 9.59 24.63 24.17 47.74 47.21
550 2.56 2.45 10.01 9.79 24.68 24.48 47.72 47.59
560 2.47 2.45 9.80 9.84 24.36 24.53 47.17 47.59
570 2.33 2.39 9.43 9.66 23.80 24.28 46.09 47.11
580 2.18 2.24 9.05 9.29 23.24 23.77 44.84 46.15
590 2.11 2.09 8.87 8.91 22.96 23.16 43.92 44.89
600 2.15 2.02 8.97 8.68 23.11 22.84 43.72 43.87
610 2.24 2.03 9.21 8.79 23.48 22.96 43.90 43.61
620 2.33 2.12 9.43 8.98 23.81 23.32 44.01 43.77
630 2.36 2.19 9.53 9.25 23.97 23.65 43.74 43.92
640 2.37 2.25 9.54 9.37 24.00 23.87 43.14 43.78
650 2.41 2.26 9.63 9.36 24.12 23.88 42.69 43.16
660 2.53 2.27 9.94 9.45 24.59 24.00 42.69 42.68
670 2.81 2.38 10.59 9.75 25.52 24.42 43.36 42.60
680 3.24 2.62 11.59 10.32 26.93 25.32 44.70 43.19
690 3.75 3.07 12.69 11.27 28.42 26.66 46.15 44.41
700 4.17 3.52 13.58 12.37 29.59 28.12 47.16 45.87
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